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Qp SLu 


1 |*._tUl II J^lj-» yi i^uaIj J*l£ oilj jjI^jJI 
• ^Lc. j_>~> i ^ LI Ij \ M*\ ^Lc. uijulll <J4 jaa * L joil I ^loil ^ic * jjtlill 

<jjji »1 .Ad j«i/ i 4 ijj Hi jJmj . \ MA ^Lc. ^loJI t ljtf jj N A o 1 ^U. * « ...lit l a | 
t>* ^iS| j^iu Jol^aJI ^ic. jAj fit SjJklill Ho J>.t 

j j*I K t -^ ULl oL^jJ 3 * jujjJI ^^Jx. *— i << oUaJI h _> >Ii[| o^LaJ.1 I * • s - * t^A^LAj HiL» 

^5 « N A *\ A ^.It SjJtlill *1 t>i xtl^^JI *Ljjjj jjJc Jol£ oilj jjj£j1I J>4» 

WWpUL^j^H I Sjjtai yJc Jmoa ilj < \ ^ V i ^tlc # tjjj-kl I ^ m l l I * ii nj ^j|£ 

. \w. 

. ijJtlilli HiijtJI Hill I * ji I .At I Jol£ oil j jjj£jll JoOjj 

<iaJL I j 4 L^jl i j i lr>~(j XofjxJI ^flxl «Lj irtt I H to o-^l) ‘Lktul ^IaI I JlxJU ji 
I* ‘I OijjJ I * ^ • ■ “II l.t liil L»!t . Ltlx jm£ 4 t iu ^ ji^j it to Xt|^all ^jioJ ^ haII 

4*.] 1 .< .^.jl*"tlj it J » _■ >L*II . Ijjj ill d. ^«ll d I ^ t I ^‘‘11 Jjiljl oLjxill 

•Jjoil (j^Li.i-hjj wilt u*- ‘ t>?b^ ‘^LnU.^t. 3 ^>lc. *j-*£u jJ-*oj 

.^1 

<I^JI oL^-ill jLmVI Jji (3* c*l>* ii^Ct cA Vil oii (B r(>ill JlaJU L»1 
\ \AN ^Lc j-i* ICPE #LjxiII ^ tloil H^jjjll HiaJII ^ IjiAr. < IUPAP H_>i_nL'*J lj 
.^Vl 3on«laJI ji » Lji ill f J o j j^^Lll .j S < m * > ^>1 1 J-ooj <i| lo£ . jjVI (jioo 


r 




^ 1 *1 (jti uj . u La5^j i aUj^iJI | >I«J HjxmLujVI '^jLII ■ ■ 1"^ 1 1 11a ^JIaj 
(jr* ^ V (_£jJI (JuLauVI J^.V <j| j| f < 1 m iL mV I ^ji*JI jjLau (ju *j ‘‘ ^ 4 ‘ a ! 
<UL^I i jM iJIaj cf >»Lj ; uJI fjc. jjiaS (jl . iiW\{\ oVLaw» ^J-Oi 

^5 L£^jl£JJ ^Lu U jj j^iolJI 11 a o^j * « UUJIj » jQI * « - U« j aLLa 

c 4> ^>L». tr* Jljj < l ..i_ia «\ j IjjJoj ji£Vl 5jUI ^>k £jji 

jj-Lc. jUjumj La^j^j culji (jlll L^^LcLi^j * I3III J1 ?»-* Lilj La I jj 

. ^jl*J I 

< <U*-*LaJI ^Vl J^ljll jji * LjxkJ I CuiljjJ <U.U^ 11 a ^ jli Hlj j 

jjlll Jcljillj i^GljlIlj (-LjJuILj t_jla£il jvi|jj llj <jjjll I j ^jLJI <jjJeJ <mL 

UaI IS ^ ' I <Ja21uJLI <xiiljjil LmiLmiI ■ -HUH ^ L.^ <( j^jlaJI ^ • »«Lt I ^JL*J| 

Cbuljjll jjJlj oUj-ioLI a r UVI Jj CjiaJU Lul|_i IjjLa ^LaJI iwJUaU 

(j^JU 4_kA I « | Iru u 1A I ALj i_(_jL-u I ylliJI l ji I j-ij <<LaLaJI <jL^ji«.A jLLI t jk 

jljj Jui < CiiiUUl 'jk J>1JI < .1 t%~i ^a <;J_aI£jJ Ij JioUlll^ cJlaJI 0*aLtjII ^jIaa 

. Lil£ LamaLj 1 aJ>*i ^Ia. j^> ^lll iwJLlaJI 

< Kj tKlt I A Jjjfi. JtjVl *j^]l <J* 6* I J "> -A I (j [Jjj oLHJI CiljJ 1 •> A ^jJJ SjJo^j 

fi aL^aJI (_jjL!JI <1^*. ^ o**j*13 ^1^1^ 

.LAj <«lJlJtJI jji JI3 II <| h i jUa«. ^< S i aLj^JIj^ a.<«VI #Lj 4^JI jLa^U ^JLaj 
J^oj La ^Jkl oLltalAA <oA ijitj/u I * LjjUl ^jC. (_^o> H # jI^aU 
^1)1 ^-i^ii til I jj lull I dill (jc 4 L. j • ^ «_jJUaiJ jjJftA-j <ijiJ I aL^ j aH ^Jc M_JI 

(j-» 1 _jLj jJS > A> lill aXJ^j » jjj l t i nA .1 1 (jj-iil (^A j^jUl > I i Irt l l l »Uj J A »< t> 

(jjj Lajj (JjLtAt a La^ <i_JUall (4J ^.U|j ^fi a>^ <( jlntl I J^jIaIII \_tLj^JI 



1.W jl Sj£i tjl UjUlil Jk (jCJj ti t u i \ Lfj jl >fA 


■ 


igJLajtjl LyotljJ ^1 . >a 1 iwK\J~>i hj (J^ *J ylZlJI I JJk S jLt <la-k«lj (£.ill jjJUI <jj 
L| jJ I JjLmJLIj t_JUaJI JS^jj i^ljill CtUkljll <<L>c^jumVI C>1ji ^ ( •> 1 1 J«ic uurt 
oIjjaII | yu^ljl tj^tl lilju <iuiljJ 1L. j-« owLtl jJaII jlj*i*h I jl < IfU <Jft 

. L£ wJLlai I i_milt_t L jLl^l 
C»i<Al ji iilljj jjjSl — wjaJI <jllaJI ^tul (jJI f-iljlll J+^ll IxA ^jil j] — 
ol hj^ cJjljl »illj ^ iji*ii>*> » ^Vl 1^ i i iij jl ^ut uj^u 4aJ 

Oullll ICPE - ijj j »n ‘l * j|j * n <‘^111 1 1 ‘ »* ^*il - j *n ‘*‘^**0 * 

. lfL|>uAJU uIjmjI jjlJlj 

Ij^jLi (jj.il I oLajll 5 jlLuuVl ^1 j4i ill llj j ^ i t JL (jl ^li-iJI { jks 

.y.trji ^ <UuUii *ja 

(JL jiuii djV£ ~ *(j K. JU. i nl I qUj )$ tj^jll tjl.miV I j^j|L 

(jljJ». Jjoi 4 Uxill dUj^J .OS1I Sjl* Jjj£ I>4^ (j* 4*]ju 

jilfiirt fj ji m ^iLui <Sj_u£kll <I^UI ~ ijJklill LuIa - ^>1*JI 'LJSJ jlLUuVl 

.^clJLaJJ i^L^il jlj&j jji %jljj £ jll J|i^ll i (jr^ < ua> 

(f i.-u-aJ SjjjSLJI IjjILi j2kj] (j) 

.y(j£ll I jjk |^l ^ O j-uuj 


•4*41 



JjVi fjjJi 


SjljaJlj SjUJI 


Properties of Matter and Heat 




J jty J*aiJl 

(Units and dimensions) jUuVlj 

<J ^jjl JJjdl (lUASij < yjll Cjld^jll jljiw <_>• JjUII Cllu^ll ‘ « J ■ 1 1 

I JjJoll : ^jjk < Ug Lu I oltbyj i^^li ( jJx. <_K_nlr.ll CiLut till I «*«‘)j •* ‘ J^lj AXa^ll 
i» > ->-v l 1 5«L^) Jx* « i ^'u <i ~M i > cJd^j < j i n LfauV I Ctlxa^ll Add <<Jj£JI 

. I olda^JI qa <iutn i^fA) 

: (Fundamental units) ^LuiluiSH Ci1.Aa.jI1 -1 j S 

: Length JjSJI : Vji 

ju ^ j jll j *■ ^11 <a.jj <il i ill I UiLui ijju Cm ‘jill tr* JL^ 1 

J_^io (JjJLail ^-LuiVl dL^-L ,jV I Li ^ t-> * ^jLx. <Ai 

• 86 u>“±j£ jaaSI\ - ^UCjJI 

‘J^IOOO JA 3 0.01 jAj j"**_i~.‘t‘a ll Ji* J^kU <- 4 *e- cJd^j 

CutLHI <4 Lull Cul^ Ijl )ll*l <<L^UU CiLuliil ji < il>«ll tji JL J «» ~i. u'^j 

» > -i. " ■ ■■“ |j^ Cuts I ijj jl jIajUI Jj ji^L£ll J A «.i lu'l V IdA. ijjJLuO 

8 

<iilj / jl* 3x1 0 <fc_^q.ul lijliul jjil <iLull * ‘*^.-*11 < 1 1 1 J I 

. ^.-j».rJ I 6 d^jj <aLuII Sda^j JIa (£>a»l Ctld^j J^LII 6 da^j {jj* jj " t ■ t . _i L£ <J^I£ 

Mass : <ld&Jl : 

Y lj (£jL-ail ^luiVlj <<-*j A^^jll Adlll 3 . p i u> < li£ 

ji 1 0% f^djjjVlj 4 90 % C^bLlI <> LLil ^ • jIII ^ 

»«*UI ^ f L )^ 1 ‘r '^1000 f Lh?v>^U 



• f # 4 V“ 1 ^ 

: (Time) <>jll : \S1\3 

ftjjoil Jjl «_^>*JLI ‘CytjM o* L ‘ * 1 | » m t» J>». (^j&U iuljjjll 3£>*JI ^ ii>*u<ri 

<<JLl2j 60 (jJ] <x.LwJI j <<LtL-u 24 Jj f 1 u * j o+j ^ 

<LuliJI j^$o **^15 60 tP! 

: (SI) ipLZil ^1 f LLill 

c.g.s olx^jJI ^^.oij-LlI ^tU>ll i fJLjJI iji 3 >11^ » j.j l«t it 

IjjLu (^iiC “ ^ ~jl thii nl I) 

12 jLu^ j ^dUl ) jJk {^>^1 < jtiit ji plx^y (f'ydrtjj 1 ^llaoll ^ 

LijLUIj 453.6 2.539 (^jL*ij 

.<>>11 

(ji 1*1 ft >4j SI ^l k* lll j < il jJt ju^*Lfrll Cij^jll j l lj j 

^ 4 \* <^x.j dJ\j .Oili / ^lj_a>L£ / j^lf (jJI *? j ml 1 ..VI O I J-A'jj ^ .M jj-ii I ^Uilll 

. fJUil #Uj 1 ^ jji ^+*^211 *ua> 2 ll 

: (Derived units) ^ilwudl Citiajll-Y / ^ 

olia^ll ^JAi . M_AjLmiJ I ^1 iii( 1 11 V 1 ^ *‘ ■"* ! <j* _t ik 4 o-«jS tjill 

Lf Jt ^Lj-» Lc j_uJ I t 1 1 jljll 3_t«nUII i j «i£ll L-Lt^ju < ? ia>i 321 »all 

/ jl* tAll.Uj <£jdhJf <oL»l ml I J >aJil ^ iiM^II <i ^ U>j (^j]l ^jdijll JjjJI 

i£j / >Lt {J Jk t fj,A >j (jj&J >>H *i^"****i^ it >wJ I joxj Jjjkd* 3iauJI Lti 4 4jj(j 

• I^Aj 

<U-t v-u-*-4 ^jJI ij-UI cM>^ll SI I filial! ^ 5j_ill »X-»> ^le. ^llaj 


N. 



(jjljJlj < J— ^Ij^l <ll£l t/ji* Ujxi^jLuJ 

Itfjuj 3 jJJaJI <2>UJIj (C.g.s) 

, 5 

OeljlO = cHJsfil 

J jaul! Lkoic JjojII Ji.i t JI > 4 j J>^JI >* SI ^ li»j J ■ .rJtjl 3 JLUI 5 j^j 

^Uii 5 j^>1I *1* UjjjG tLaJjl yi <iLui_* cH>^1 LAjjJi 5>i 

UfluiSiUJIj £jV L c.g.s 
cJ 10 7 = Jb-t 1 

L IfJ ^»jj <J< 11 I<< 1 VI olja^jll <JVjj < jt jjLi Cil<l^) ^Jju jjc. 

<llifj ML 2 T' 2 T « <i3&il M . JjUl 

^llaill yM < i 1 < til l^<? j <»l <«Vl C>I.U^ 1 I ^»A)U y^*ji »Lftx«l ( ^ — ^ ) Jj.ull 

4 Ij <?j*1jjj «t I ‘-.I j J il «<Vl ,».V >1 « a (Y-\) LS t SI 



(\-\) Jj* 


j—J' 

an 

IBS 



BBS 

V 

Volt c4ji 

^ 1*^1 

m 

Meter jl» 

0>— ui 

F 

jljli 


Kg 


*—. ten 


Farad 



Kilogram 


'Q 

Ohm fjl 


s 

<u£ll 

6— on 





second 


Wb 

Weber jjj 


A 







Ampere 




^Aj>ll 4 jiIj£ 




T 


(ttl 

K 

oiK 

? ilUl 


Tesla 



Kelvin 


H 

<_£>* 


cd 


> JiU 


Henry 

1 


Candella 


rad 

u^ J L> 


Hz 


Jjjill 


Radian 



Hertz. 


Sr 

(jLjUjluj 

<•***»"• <i*lj 

N 


o-ill 


Steradian 



Newton 


/m 


oAJdi 

Pa 

JtUL 



Lumen 



Pascal 


/ X 

Lux L ySl 

* I^iALuiVI 







J 

Jy* 






Joule 





W 

Watt Llj 

Sjoill 




C 







Coulomb 




\T 






(V-UdjA* 



< k ^]l 


L^JI 

T -i 

4jjljll <Cj-uJI 

L 2 

kaLJII 

MLT' 1 

<£jjJ 1 <AA^ 

L 3 

r^ 1 

T' 2 

<£jljil<lauJI 

ML' 3 

<i££ll 

ML 2 T' 2 

i 


LT' 1 

4, iUf^.11 <cjmJI 

MT 2 


LT' 2 

LkUI<L^JI 
■» * 

ML'T' 1 

<^£>111 

MLT' 2 

ijU\ 

ML - l T 2 


ML’T' 2 

JeJLuJI 

— 

JUiiVI 

ML 2 T' 2 

(Ji^l)iilLil 

ml't 2 

<^>11 JaI*-o 

ML 2 T' 3 

Sjoiil 

M'^T 2 

4_kJ*ajV 1 <ujlaJI OjIj 

■ V «« « t 

t -i 

JJjoll 


: (Theory of dimensions) aU^VI 4-jjlsu - T / \ 

ciljiai J£1 jLuVl CjbJkLi tjM <j*uLajJI Mj-aj (J Je. jL*jVl L^Iaj i^ouJ 

: jjli La-ii dUj LaA I < ‘UaaLjII oVjLlLI 

. ? t‘-K .llj iulj'ytill ^ jJjJLa^jJI 1 «j — N 

. (juljjUl ^ ‘ JaLiluJ - T 

■ <ALiiUjll oUbUJI Ifolc. JutJJU (^1 ol«Xa^j jli ~n «il — V 

, ftlLj (jJ] CM-* oloia^j -i 


\r 








: (S - S) JOi 

jjl jjV I J£Ju Jj-a (D) ijjji SjLa jjj 3 o1 o-* 3 * r *“ > 

. <]jUl*U Lm 3 (r) ^!aS vJLa^) (p) (O) ^ihUmil jlijull 

V = K-\/<J/p r 3 

> Cm( 2 K £ua» 

: J_aJ! 

. Luuu 4 < L-vI • <]jULI cul£ 3] ( ji <— i jL JS* 

T" 1 j**uVl ti^JJI oIoaj 


(mt 2 ) 


1 

-2 \ 2 


(ML 3 ) 


- 3 \ 2 


3-VI a>ll ol^, 


= T 


-1 


^^ 4 ! jiji Ljuu <1j1aJLI jl 


: (Y — 1) Jilt 

9 I 4 A. sjfrll Jj»|jjJlj^|^Lll it jut yu UiUll Ja ^)1 

: J— aJ) 

JiL» £f^»Vl <cj*« jjifc jjjLj Lfl jjjlSu JA j^lll J*(jaJI .Wi tVii Vjl Ijju 

. (p) dl5$j (E) Jiloll JLu^II 

* cr 1- ! uj^ P j E 3* J£ (jit uifjlt (u) £(>»VI 3I 

: UjUII a&l 

v = K (E)“ . (P) p 

: Oaiull <hUll ^itSui Cul m P 1 0( 1 <1 jUjI V culi K ■*••_■— 

(LT l ) = (ML l T 2 )“ (ML' 3 ) P 

: { jl& yk <LCl»Ttll olj^ll 1 i 


M 



a + B = 0 M iiiiJLJL 

1 * 4 

-a - 3P = 1 : L J^lIU 

-2 a = -1 : T 

a = - (3 = y 

<j>LL»JU <UkLd I till jj j 

v = K>/h/p 

Jill I I j-A t jk <Lu3j < J_tUllLi jl <a_>aalli 1*1 K Culall <ju*j 

K = 1 

^ y £l>*¥i **** aA 

V = 

: (r- 1) J\3u 

$ l^tlf. 2 j^jll olj4*mi <JVjJ U*Mti JjJLu <Ljaj (jj»j Jl^jI 

: J-aJl 

<lax. i l JjJJI { jJk T <Lj*jll £ytj ijLt. jjSlj I 4 J (jj^ (jf jjill J-* 1^*11 

m JjjjJI Sj^ <Js^ <g LjjUJI 
: (jJj l*£ { ju* I (jjjU £-jjj 3&UJI (jf till jl 

T = K (m)“ . (<)" . (g) T 

: jjJk 3 jJ*JI <1 jIaII 

(T) = (M) a (L) p (LT’ 2 ) y 

: (jl oaJ ^IjUII ^ jL iji <£L*lll ola^jll ^j 2 2 

a = 0 



No 



(3+7 = 0 
1 = -27 

(3 = 1/2, y = - 1/2 , a = 0 

T = K 'J77g 

,jl oIjj] (3^> a . jj < <jJjjJI ,j-»j jjlt IfJ jjjTGV jj JjJUill <L£ jjI » I 

<j Ju jl I 3«j lrf MJ ^ = 2 71 o^lill 

t = 2nV77i 

( ‘ - ' ) J*i- 

: <JjUIL ^JaJU ^Injiittll <1 j(a« JjI ^Jc I jl 

x = A sin COt 

. 3*jll 1 1 4-gjljll Cc^uJI (0 < 4^ljVI t jJk X 

9 <]jUU jji A Culall jlajV jUuVL Jjl-fc'ill ^jVlml 

: J-aJI 

: ^jl ^jk <1]jaJLI oIja^II (jc jmiuIL 

(L) = Asin(T ') (T) 

cj l+3\j (jj^i oil >j < 1+1 qIjbk > V ji MtjiA* A cuIjII (jl 111 

(L) <LfcljV I c>l^\) o*kj { jjk Aculil I 

: ( o — ^) Jti* 

fJ-u / ui^ j 10 X 1 .013 < U.,U jll I olja^jlL In* .All <1*44 (jl fife Ijj 

S ^jj^iauVI ol^jllj <*i *jl jjjl l*i 
( 30.48 = fjl 1 < flja> 453.6 — j^yLl ^ 

: J^kll 

n 



jLajI ijA ^jaJI In* < All Caol 1 A jj ( ML T “ ) i jJk L^JI <IjlaJU 

: fjl JLOkj I ^lloilL JjIL <jIjLu^j ^uA^ill ^Ualll 

( M 2 L 2 ' T 2 2 ) K = ( M, L, 1 T; 2 ) 1.013 x 10 6 
. O^jLlL M 2 , L 2 < «_uJ>jlll fjic. jujlluJIj fljaJL M, , L, 
oljka^lL lj«iL» Ui i All <*4i (Jjju K < Ljljjl l jAj Cj Ida^il ^uij L*^J T 0 , T j 

(L, ) 30.48 = (L 2 ) 

(Mj) 453.6 = (M 2 ) 

: ( _ f L J<rt%'t <jLLJI <JjLII ^ (_jA^_yGj l^j 

(M. L„) , 

' \ 1.013 X 10 6 = K 
(M 2 L,) 

K = 6.8 x 10 4 ,ji (ft 
Xfuuu / jjjlJL (jj*- 1^* «A \ 


w 



JjVl J^aJI (Ja 


G ^ vU< >JI qa <jU Laic ^ Luft <£-lxi (J&lj Uianll J-a^jl — \ 

9 r <(fiUill ^Li * ^ - — -y 

R (ji unJ I ^fC. djju ijJa i^Hjju <iL lait (jitai t i l l (jl jjJ O^J »Aa^j1 ~ T 

5 G <ii jUJI Cul^j M ^Jiia.tjl 

<il^j F i .jir. ^jljll a i ill I SjJo l <|>U <_u^jLcu \) Jjy j j jj gVn m( — V 

9 m <la I j“»j*»*...ll 

^JiiiLa Jlaj ^jlll <Jjlxa n* ^y* (ji'fcl — t 

_ n r 4 p 
8 n ^ 

jjijia ijjjj Jaia^ll jji P < jJL2 > ,iio‘i T < JjLJI Jill <£.jju« V ■*■_*’-- 

$ JilaJI^IJalxaTl , JjjiiVl 

ia» £y* (j***** I ^la^Lo<L — 0 

pV = jMv 2 

9 V M j'jIujaJI <jjj jU. Ja* i A LaJk V , P ■*■_*’•- 

j* ** "til jUjVI 3jj1aj ml ML ^ T ^ ( jJk <j^l toll J^lft-a ol I jl — *\ 

<JjUll ILtmCy* 


T = 


n n r 4 
2/ 


e 


n ■<> r *^Li v,iuk^ l <|>L <*l lm ^ ^j^UI jr IjjjVI T 

* e Ujai^ijjiU 

{ja JaSLuj i L>mIjj <X^ia2lf <iLJLI £/U <fcOJI Ja^jl alxaVl L^Ioa »L — V 


\A 



$ j j 1 <iax. CtiJ 1 

*■ k*I >■» ^ *j _^y jfi 0 jjj jjJI C*jjIuJii 4>a^II qU Jmjj jlll <jOLaJI Ja^jl - A 

9 Cl J A! I jljfcmllli Jl Ij^i Jj laV I Cj^ii 1 >t l *i J I 

* « • -~‘t «» IV »** u ^jVl * < ‘ 1 l)^ 7- * |J*^ aaa * 4 aaa * J -^* - L Txj* ^ 

9 jUjVI ^IjlLnU <S^JI fcjkfl <I^^LuuJjLJI • Lk^ioji 

^\ £n jl& ^ y li Cm *1* >* — N* 


T 2 = 


4 JC* 3 
mG r 


. (VjH T 

■ q« 4 u J I qC v^J^l I J> I F < qiMliJ I 4 ij£ IT 1 

. * 1*11 <ijjl^]l Culi G 
r .... 

^ G Cm £11 Ja^l 

9 J>l»<JVj 4 Ay^JglJu Umm l — N N 

oljAv^lLiAl^-xSoV LaIc Ojaiaiyi ol^jJL fuuiA ^ic 1 , 3)1 jl+akVl <«a 2 Ja^jl — NY 

. Y^*m/ ^Ij 10 X3.2 ,j-* 

# !* , 

JjLJull I jjl <Lui Oa^jl ‘ fjJ "J 2 u^\ ^ jaJL* l <jl fJc 13 ] — NY 

. 5 J- lS 1 ^ 256 ^ 1 *^ <iMI OjJajyi oloa^lL Ja^jl ~ M 




AojI jjAi! jailj SoIaaJt jail 

Linear motion and rotational motion 


Uniform linear motion : 

CixIj jS»_)-a ^>a^j ^ J-C. Cuj jj i <&1U« H n 1 11 1 ,*i t£JI > 1 . ..-%-V | 

< iiialill 3 x1oaJI ^ (jj| Jkuij|j i <_JJ jj mi ^1- - r Vt JjaJj 'jk 

Lfjlx <JLcjxu C-ijJL^J « <jjl ml m <X*j I jjji <jjl »n1> oLiL-yu. idj^Jill ^ m^ll ^ *_■ L+u^j 

tjl (ji < 1 LmII ^-LaJ ^jll Jo*II 


V = 


dx 

dt 


( 2 - 1 ) 


^XMfcJLl JJAli ^t^iiJI JjlU (jU UIajIj ljl<Ui tjjij ^m^ll (j£u fd I jl L*l 

dv d 2 x 


a = 


( 2 - 2 ) 


dx dt 2 

Ijj I jli < IIjIj Uullll iji ^ 1 x,jum u* jxijJI (jj!u L*.llc. i • hit* <iaJtll jjj 

t JJU <uCjxu jjli (jj ^iull (J_)X 6 jjl (Jx* ^ iii^ 

v = a t (2-3) 

tj+ik-j viliJuj < — Vt fjJk 4. fc l» jl I S jl ill * JJk <£j •fc O <ixx^oll Uftj nJ I £jj$*0 

— at 2 jjJ k t jjxjll I JJk <iLJU 

t jjxj .uu LSIjLV! jjjk V 0 cul£ I jjj 

V = v o + a t (2-4) 

: ( jA ^ i n% II i Umjlll <6jxtJI 


1 



v = v o + J at 

x = v c t + y a t 2 (2-5) 

(2-6) ^aUll ,y» (2-4) ^aUll Eiijh) 

V 2 = V 2 + 2 a X (2.6) 

U^JI UjJI JJL. il^lj fepjlj i^ljVI cjj UiUI iLUII igJjJll 


: ( Newton's laws of motion ) £> 5 j *3 O^jjS -Y / 1 

: yjk ii/y l^i <4^li ijlc. Kj*»K}il ^Ja (jwluai Newton 
I i <JaJLa (*» j >le uu ^JL> <ULa» yi ^LJI fm 1 1 ILu —\ 

<oic |»JL* fjlc. < til* !ji <>Ul >> I ^ >1 1 iij 

<ii^U Ineitia ^1 all j^^ill i i <aI % ^iuLaJI Ijji ^ »Ajjj * ^jl^L i f t — * 

Jj.»lU ^ mi> 1 I ^jLij L*£ < < 4 j&u< ^JLa. j_> «**■ j^LauII ^ ihi>II ^jLJL — 

• <2^_>Sb <JLa jJCl ^ j>"> 1 1> • JuL 3»lniTi« 3£_>Sfc 

I jjl ‘ L ^ ■ m .■> jAiSil Jjkla ujuuaUlt — X 

f ..*■>)! <Jl»> j^juj L»Ju£ <i1 (j^j-w da^j Jli < SjlijII *La»jl (jj jjjllll 

felaJil <_juAj jJk IfJlUSl (jj!u a £jLwu <U&£ C*Jaiill jl Jjj^wJI 

(jjLua^j a^ljll ^ i u-> It <1 j(j Lula Sjill yu <m»\ll < Sji^ll 

m 4l£t£ I <LLlaj Sail I 


uj-i t (j*j J>La. v j jjil v j itj*« fjl laUi 

<LuJI 


a 


t 


(2-7) 


YY 



( v 2 " V i ) 


(2-8) 


F = m 


Ft = mv 2 -mv, 


(2-9) 

LiSutt *jill (jajll x $jUI jjli Uj 

: JULJISjj-JI Jc 

JJJuil I j+l ^ J %jlll £-*4 ftwta. iji jU«2il 

• *L^jVI jji <J jlaiU jji jL*k* J*i a j (Jaj JSU 

<ji lyLu* ijif aJI o|i jil *+■ yi* U ijL jal li] <i1 tfl 

. ^Vl ijiU *LJrtl ^ SaL^Jaill 
. J«i Jj Jaj JSi «— lalueu (jt JjV aj 5 Jji* 3 j 2 ^ac. ^tulill Ia4 jSy3di 


- r 


: kijjL^S 
: dj*2ll Lil 

4-aj ^HJI lA>A tj i jJ n l j J ‘ (ji ^ ■■■•> 11 w>fci J|*1 « > ^ 

F 5jill 


F = 


mv 2 - mvj 


dv 


= m a 


( 2 - 10 ) 


t dt 

. (2rjxJ Lj <iauJ I u* <4t y^ut <L£JI (j ;% L*u Sjill : ^1 

: Work JJLuJI 

•joi >Uui cJjj ai ijj£» Sjill <jli x liL-» <lalj(j f‘« y F 5>i c*j5l la] 

: (jl tfl iiL-J.1 u* %jill J««L 

W = Fx (2-11) 


<jl*c£as^jOa^j ( c .g- s .) jrjVlj (SI) ^Uii (ji J>aJI y Saaj 



-19 


^ i dLc ^ 1 i n*(j < 10 xl .6 uu^^ojj&V (j -* * 

.OjjJI ^Ljjull 


: Power SjJLJUl 

daj^j < JoljJI ^j . * . * »M j <jjlj J£1 <Jja. JjLuJ I Jjj Jd-*-aj <IV I Sjd-3 cJjJU 

• J»(j 746 cSJ^MJ jjLi-AiJ I i jdd (J-* ijdii] <JuLi ida^j 


: aSUa 

t 

<£. v )_wU dlj ->">_> 1 a IdU < J« lull Jda ^xlr»~ *nj <_illo |k I ua J* 

JjL_Juil jjLi X <j> L i u . a jjl Jju <i(JLl ( jlc (Jaju F S^JLj 4jlfc Lijji Lii(j V 4ajldlil 

: jd ^jill <lldj I 

W = F x = max 

. j> i h-^ II ^oilioJI xlae. ijjk a < ^ tiM'jtl I <i& m 
v 2 = v 2 + 2 ax ^ w li ^I d'v L u Uj 

V o = 0 : j| /*i t ^ij J I <llaJ Jd ^o«a]l jl L*^j 

v 2 = 2 ax : ^li 

Ji-eLlI OJ^Ji 

W = max = |mv 2 (2-12) 

, CuldiLV I ^ i nail <S^a. <illa (jjLul IdJ^J 

: £-ua jjA\ 35 Ua 

a i iu <3Ua Oiy Jirt>j i.n iil^j <jll <jdla da^i Ladle. 

4 j i ai jV I CudLaJI Ci~>~> x <«L m d i^jLu dit ^Liai < ^ 1 LiU* 

• S^iijVl CudLaJI flax. g ^jua. mgX jJk l^iuJI ^ JjjJJ JeJLlf (jjSj 



1 2 

— mv <ilLa !jl\ <SLLJI »1a J^>LJL 

: AiUaJI £>Sl3 

_>Jj lljli oliUJI f\j^aut JJoj <Uv-» <c.j *y* JLl Jllj <l1 iJ Lc. ( ‘) m UJI 

• jlII <- > ■«- ** Lf Aj <ll£ j>l ll* j^iJU Lfl* f\y & ) Jj-aJ 

JAj 'C5L1>^^ JtLllJI < <i v Uj LAjjj&j LT^ti A.VaJI 4iUoJI (j-» £jj (JJ-m ^j-AL» <illjj 

• (J-* m La j*h i jU. I ^y» <Jj£ «= liij jjt 1 filial I j l q** .*■*■«! ■-■»*» i 

E = mc 2 (2-13) 

• ( fjmJ 1 <e.^w C ■*■ ) 

<iLL» Vu ijUl d^l^II ^Ij^JI Jj(juL* f llij (jl J>l J^uutl ^LujaJL »jj 

^jTcJI ( _ f lil ^yA <ijl-fil oLLJI >1 aj < LiJjJiii Jt>^» 10 x9 Lajjj 

. oljLftJU^Lt > tjlill 

: 0>*II fjLcuJI-r/t 

<j| Aa^) d& ij* ^ 4 « J > I <ii4»(Ai ■ ■*■ ■•' 4 a 1 1 . 1 1 I , .. ? Vl Jajj 

* * ‘ “ * J * ^jLutull i Vi <il I ijM j ‘» ‘II IjaJSiLu I * *1 ■-*** jl » ' " ^jLaajj I * >*■* 

< tl^jVI fji&C jJ jjSjj < ^ji*Alll Jil <ifijuJI ji jilliill £yk HLlj 

<_ljTij- 1 JI ^Jfc m 2 < rrij I • f j ih ^ ■**.!.* * ■» (ji l‘n Ajv I jj 

Lfj jlljj (j l)l *jaJI »j! nil jlc < ftLj^VI (^>**14 ji v 2 < v j igjijllul 

r .* > l) Lfj ^III SjiU *L^Vi ^ SjL-1^ jIjaLI ^ <LjjLu-» ^(Sll IJ lc. JjVl ^ ■<» > )! 
£J»J (_£jLuiJ ^jlill JjVl f-444.lJI £*.} (jl 4^1 < ^jl mill J^Ll JjVl { jle. (jjliJI 

(Jit «Jj43kjJI _)JJU ^1 £iAahjV ( 2-9 <JjLaU ) jjj liil 0>lLi »-U4*AJ 4 JL^U 

11a ? t>4. j» •>■ *1 1 -jj 4 *H i ‘ ■ ^ « LL j‘i wLjLi 11a ^ajv^3 4 4rfi ~J I it >jj 

. ( _ f ilill (jljjJll ^litVi..iL I 


Yo 



: (Coefficient of restitution ) : jIjj jVl J-iUu 

. ( \ — Y ) (JsLulMj L»i l£ ■» m 0 < nij (jglji ^ 

jjai i Jjlj < 1 I ni t ol i Lji JJ fa (j I jjV I (jt Lahjjl ijMjiJ I <j I 

: Li: Li t a mill <U»aJ •SJLjj 

, ..,,,, ttittt utt ttu tu- 

j \ a-^( V l ' V 2 > ' ( V 1 ’ V 2 > 

/ \ .OLiljllI 

/ \ ' 

/ \ fcl aalfc "ill (j Li IjJ 

/ \ 

J \ i f jL-aJI <i»il J If vllj I imI I 

\ 

, ^ ■v \ JjL4 < JJ mill 1 J I 4 a I lit £jLai (jli 



j Jii ClxuuII olj »m!( ^Jc ^jL-q-JI 
* j- !<• jLLj LLlj Ijl > « » ■» *1 • ^ 


Ml M2 

(N-O 


e = - 


v N - v N 

V 1 v 2 

V, - V, 


Lf ie. clljg (e) jIjIjVI JaU* 


(2-14) 


jjli < 1 <\ m LajLIcLj I jjit cJjaIJI <±ii »Uj ^» jLi 3.*.* ^*“.u 

m i V 1 + m 2 v 2 = m ] V \ + m 2 V 2 (2-15) 


jjU Lai ££jjill Jil jf JjjV I ^£jui ( jifc J^Aaa (j<aAjLaJI (joJjlxLI 


v m. v. + in.-, v m 0 

v\ = — — — + e = (v 2 -v.) 

1 m, + m, + m- 1 1 


v N = 

V 2 


m, v, + m 2 v. 
m, + m 2 


m j + m 2 


( V 2 * V 1 ) 


(2-16) 


(2-17) 


{ jjk <ijaJI <iLL* tillji jj (ji^j 


1 \? 1 \2 
~2 m i V 1 + T m 2 V 2 


(2-18) 



1 2 1 2^/i 2\^1 ^2 

= T m i v T + T m 2 v 2 • T ( 1 ' e ) 7 — 

2 1 1 2 L *■ 2 m, + m. 


(v 2 -v,)2 


: J ^jL<-aI]1 3 >jTi < 2 LL <j| 


1 . . . m, m„ 


-£- ( 1 - e z ) 

2 m. + m 0 

1 & 


(v,-v,)- 


<L£j-aJI <_iUa tjd^Xi fj\ £>.i ■fcjV e = 1 jljjjVI JaLjU 4 (jUt Ijl <ji £xaIjj 

.IaIjJI cUl J-Ull Uj I ^(j <!LaJI 4 j-A ^ ^jLbAoll ^4 i.njj 

. <ilia J&j2* L <lUaJJ (jljLl jt L*jl J dljJ I 


: (\_t) Jit. 

Ul« 4 <jum^ <Jj£ ^jua! <u(j / jit 2820 4 £.j+u* j.j 1 n't ^a 2 CaLaj 

j)(j < 280 1 1 jju 1 4 ir i.i.M -111 <ii£ 1 1 » ^iJI <_c.^uJ I • ■ ij * ■*• 

9 l^LiliU cijiuul <LaLajII 

: J— Jl 

. tt ..»"H jaj 3 £jaJI ?j 4^ 

IaLajII ^ul^oll jliiuj v | umaJI <Jj£l ^SIauVI <(ajwJI 

* a , 

. Ijjklj 1 4 im> (>Ji«»I Ia^jI liuk QiM^ll <Jj£i <Ujl^oII <£,jxm)I (Jitij Ji 1 4*1 

, M ummvII [TIHuaIajII 


mv, +mv 2 = mv'l + Mv 2 
v- = 0 


v' = v ' 
V, v 2 


u*a 


m 


v' = 

2 M + m 


280 + 2 
= 20 m/s 


x 2820 


YV 





: (T-T) Jli. 

50 * 20 • t in»i (j* 4 20 < 50 L»jI ll 

^ ^jLualll Jju I *j_ 1 ~‘ y ' J ' " >b^l 0.4 L+J jIjIjVI J 4 U 4 (jl£ I jU • >.yjUl 


^ X — X ^ J£2u : I p IL j^li (jjtUli 

50 x 20 + 20 ( -50 ) 

= 50 v) + 20 v n 2 

5 + 2 v\ =0 


O V 1= :20 V 2 =50 ✓ — \ 

faL-LJljJ V 

50 M 2 =20 


Mi = 



Vi 


«4LiH AJU 



V 2 


«-o j£E 

( \ - X ) o^li JgLSjj 


e = 


\ _.\ 
1 


V, - V 


( - 50 ) - ( + 20 ) 

,\ 

1 


= 0.4 


vi - = -0.4 x ( -70 ) 


= 28 


v\ = - 8 cm / s 
v 2 = + 20 cm / s 


: (jl JaJi CgiljUil 


*j£tl Ctjtfui jjl a ^um^Liuu C gJkLaJl jl*j XII >|j ~ 


XA 



. £< / 20 *j j* ‘ <*> H j-unj it / 05 joAJI 


jj^l ^ j * il —4 / Y 

: (Rotatianal motion and inertia ) 


(jSLjj < JSS j* lu^lt till j Qf. V L* Lj£c 


jkrfM'jJI *Lc.J-ukl eijJL^J < jkiil-vl I UjljjjJI Cylj^L <jjl ^JjVI jj 

: ^ji ^1 • < i»ntlL ^j_jljJI <^ljV I jj»*i Jjm l^ju 03 


CO 


d0 _ 2k 
dt “ T 


( 2 - 19 ) 


. ( <i*l£il 5jjjll (j-»j T Ai> ) 

iiLJtl iji 5jJU I J i^[-h ^Li I <^j^H 5 j-5J I ^a F cul£ I jjj 


ifX* ^JaII IoA M JJ^II J>a i^iJI yAuu Ujjjfc *laul yU 

Cfrijjl . a 1.4 £ft4jA O* ^^>1; ^IjJjVI (jl «-4 jL>aI!j < m II (jljjJ ijk S>i)l ^JJ*G 

* 

. ii^lj jjjIj Li ^Ic LaUjI IjIaL. 


S >|J 4^jU <UaSj ^ — o I Y 

(Motion of a point in a circle ) 

L ‘^y L v 5 . Li~* » r Lkjiai ■ * ■ — ‘ 5jllj ^ ■>. . ^ic 4 _jjL* <Joii <51^ j * ~ ^ I 

Jj_«j B ^Ij A <— Lial I CiliVil I j| < ijjloil (J-UII *IajI LojIj *LaJtl 


. (V — Y ) ■ " O 5 jjIjJI <uc A 6 <jjlj ^ luij AB jli A t 



A0 

0 ) = — — 

At 

l.!^ ijjii i^ii A t <iujll ftjlill Cul^ I jjj 

dailil <jJeL^Jll Cjjljil 3 aj_wJI { jA (O^aaj 





AB — r A0 : (j £1 A t (jpjll L tjj --** v tu AB J^L 

r A0 = v At 


( 2 - 20 ) 

• uj^ chO^ cr* ^ ^1) 


2;t „ 

(0 = -— = 2 k n 
T 

UJ^jJ tfJipJI v_olL» ^jLwjjSo^fjJI iiilill yi olj>JI J ac Jj» n £uab 

2 7t r 

v ‘ "T“ ( 2 - 21 ) 


: ( Centrifugal force ) iijS>dl Sjjtut ijUl 
j \ « Ij L^JkL^jl ^)t VI < Cutj SjjIjJI ll I <J*Lll (jl i^a^AjIL 

oL£j-» yi j _>«*>! I <11^ <11 * JJI jLapVj i <? It> r. till j jlj .*"> hi L 

A yjk JiVu I jJoill t ,i.4^n*» ^Ukll y4j 4 ^jaJI ^LaII *1&pI yi 

.(r-t ) jli b 

^uLu OA ^>LiII t ii« (jj£±) dt yi fu B A y* ILilil Jlilil (jl y*» jii 

. d0 ijMi« <Ljjl j 

• J^tjO ^imilli ^cj^uJI jtfj Jj<u yJk <n>all 
(v ■ v cos d 0 ) ^jlit iu dt ijijll 4u (_}uLaH yi ^£^uJ I yi j^ull 

cos d0 = 1 jli i jJu* d0 Ciili Uj 

~ (JttLU *LpI yi yi Jgtttll 

; ^ | l 1 Uj dt Ju jiaj|]l t . A Lap I yi yi J^uull 


r. 



O - V sin d0 = - v d0 

J^ljU ujLaj jji <JLuJI SjL&VIj sin d0 = Hfl 

O jSkjJLI 
d0 

VCD = V— = .*. 

v = rcojSJ 

— J^loil jJaill > iin*i *laul ^ <lauJI 
-y- = rto 1 (2-22) 

SjjIj ^gk L^il jjj jj c. *• > M illll 6 >aJ f jjLi m I <JdLi!l lalj 

S>Jtll » j-Ajj | h ^ u t *JI u>^jj • j-a*! * > " u niv“/r ji m r co 2 ^ 

, n i u-t |) <(2k_^akil 1,1 >» i»t 1 J^lsJI jmIu^A 

Sj-S dial glL <*LaJjVI ^ jLa^ jlxill^yid (^jLn«.« Jjci jj JjcI J£l jjL£ Llj 

dia JH-u . jj^j-^ 11 jjljjVI Jfti rJ dl^j < S^ill *Lxjl ^ c. SjjLL 

oA f Ij] ^ { ■'“■*■ jAj • £iUll 

Sj-IL SjjUI * iM <4jULa jjlt ^iiiiatH d-*JU 1. « i u « j^jJLI 4_tn>lj lij ^11 *L^3l 

f Ljj| cImu ^lil JloII ^ 1^)^ itudl LJjia d>li ( ij'ifp 4j| J •> i dljjj 4 L^jjl m*i 4 JjUa 
. JjjLkll Sjill dli i _t > < ni vjjLaJI jijll <j£ I jluu ^ n>^ll ^igji Hj^JI 

: ( Conical Pendulum ) 

J ■■»•*« O jjj j_uV I <jjJa Cijt* / injJh idjio 4 ~> i *1 • 111 <|j£ jjV I 

<Ljjl j Itjj-u ui * Ljjlj m 4 t~i^ M o£>a>J I j] ^j-lqj j ^ * (JjOju ^ic. 

. { i — X J£ju ^ , ijj-uljJI £-» ify>-vll 1| Luj jjill Hjjljll (j-* 0 3^jlj . 0) i • UV. a 
i jdll jji m I 1 1 ji«» -*|j ~ <dLjVl Sjjidl j-1^ > iiAi ^gjk r cul^ la] 

<jSjl i * • ■■^- II CiiiV I <(£jd I jj v = r co it) v / r 5jj$jl I ca I 

: . ^Vl *UJVI ^ LjdJI ^ P ddJI 


r\ 



P sin 0 = m v 2 /r 


(2-23) 

Jlj Jjjjjljll »LauVi u* XuJI Jjl L*£ 
P cos 0 = m g (2-24) 



T = 2ti 


^cos 0 


: Jb^ o+'J\ o£i* 

- 2 it ^ (2-26) 


g v g 

• cuttVf 5jil j j$^i jjJj JbjjJI 3.*'*'* o* ULJll !jjk h £u 


: (T-Y) Jli. 

. 1 ji jl* <|jJb j* <iUJl! <Jj£1I 

0.6 Sjjlj jlaS > ji/i'i (jU Laic ^jjjJI ^jjl till jSjj Lj I JuJLti 





SkjaJI ?jjlj !jJk 0 Cul^ Ijl 


cos 0 = y ; sin 0 = -|- 


P = -^- = 9.8 X 4 
cos 0 ^ 

= 12.25 newton 


• ,>* P Juill 


V i^iiVl <£_pJI <*>«, 


. , , P r sin 0 

V = - — = 2.1 m/s 

M 


/ 2.1 >. 

oo = v/r= = 3.5 


0.6 


T = — = 1.8 s 
0) 


CO ^jljll 




: (t-t) Jlia 

3 L* jlaS > .L^'i SjSlj Inj ~h 4 'jlc. 0 uLk] (£jLut* ^ic f I ja jJj£ 2 <££ 

<£jaJI jSl^L 1*11*1 UsSJI ill cut£ I jli < UJjJI 5jjj 30 Ijjlj tjllil 

9 Jull la^jl 

: J-^JI 

T = 2 s IuIj 2 = ijjjll 

7<j~ 1 1 1 2 h< II 2 . Ll t 1 2- J . . J I 

2 jc r 6 je 


v = 


= 3 7E 


rr 





a = 


_V; 

r 


(3Jt)‘ 


= 3 n‘ 


4 I x <Jj£] I ^gjl> uj Jfk>>! I ijk jdJul I 
P = 2x37t 2 = 1.84 

.84 j 4LII <jl 


: (Moment of inertia ) — *1 / T 

Jilt'll Jj t I I |> IM -^H Lij 6UOc-li H • Jj-a* dl m l ft l • |Mu^ jljjJ iiC 

j- ■ ■■ ~-H <ll£ £ a \ CjLi_4a (0 <Aaljjill <£jaJ I <iUo k_iijj^j < CO C^jljJI 

■ uLW 1 

jj ~- * L4j.«.r ,i > >*> .... < m 0 < m j ij i * ii> ijl^ {ja ;*i I 

. i_i i *i jll i ^ic ... i V ^ i V | ( jJI J2JI tJ^J Calorvll cilftjuJI <j(j •'■ 1 l'i < r j jljjjJ I 

. ( o - X) jSLiDIjiajl 

y m, v; = nij <t^il c£ ja. Cilia 

1 2 2 
T m,r> = 

4m 

... m 3 < m 2 cJ2UI c£ ja. cilia Jilly 

CJ£ ^MduaJI Cilia kill jj 

1 2 2 1 t 2 

= 7 m, r; (0 + y m 2 r 2 co + ... 



L 2 V 

= — CO Imi 


,.2 


(o-OjCi 


1 T 2 
= - ICO 


(2-27) 

■ i*»^l I JiS ^ mr‘ J*l£i ji ^jc jjju X CiiLJIj 
cJLliS <jljjjJI J>^ I = Xm r 2 


Xi 





I = M R 2 (2-28) 

, j j . ^«ll jJqJ . ».^'l R , ^yyl^l <J^J| <tj£JI M 1*^1 


(iLtfLftl* pjP — V I Y 

(Moment of inertia of a rigid body ) 

<LaII x <fi£II = m, itSJI^Sj&ll^l 

dv. 


m, 


dt 


m i -&( r \ w ) = 

dco 

m i r i ~r~ - 
1 1 dt 


m, r 


d 2 0 


11 i 2 

dt 


m, r 


d 2 e 


I M , T 

dt 


= oLx>^ jo 3 *-* JL>» oili fO® 


^jjJI ^^lx. d ~>>j ... < m 0 < m | J£l* ^iy tJ I Jj£ >~^l ^y JI * j-A 

(ijLyyj Liljjj *aJI <£_>». Xj^yll 


( iiij rf + m 2 r 2 + .... ) 


d 2 0 


d 2 0 

dt 2 


dt' 


(2-29) 


<x jjuJ I x <iLSJ I m j jIIa! jLauVj 

^jLm] jj ^11 i jj -a» Jj ~h “ill i n ^ ^ . in | r j (0 ^ .Mi ni| v j ok»l I 



< m | ^jljll J^>oll ^ ft u *jj rn | fj CO 


<J£ ^jljll cJjakull ^Jt Juv^'l <4j£ll Jj£JI 

( nij rj + m 2 r\ + ... ) co = I co (2-30) 

l.**£ L*l*j Liiljjj I ^1 ki-vVI (jit (jjljJI oJj -fc ill 3 j * Uj ( *im(J 

. uiooll <JU (ji ^lutVl (jit (jln^ll JjIb'ij 


: AluVtUj ja| jjx* J>* |Al l* ^ jfc — A j Y 

j« fi jjil dx Jl* i (j ( *\ ~ Y L£ < »jji io * Ijtl (^J| i.nit >11 ^ mil 

, , . ■.A«tl ■ « • ■— 1 ** - jjc 0 CiLuljtVI ^)t X <J 1 1 ii • 


dx 


M ■ ■_. . a il | d h< (j| (jAjji 


or 


ivo jCi 


— — <l^UI <iiC^ (jjSLliL <(jia 

L 

(j-* dx I 

M o M 

( y- dx ) X‘ = <fc£J| »o*J ^1 jll f>J 4“ dx 

L< JL 

: iti_i~fc I n <<t»ll ^jc (jit Jitti * »ljtl J£J ^kjxll 


/IV2 


I = 2 


M 2 j 
— x dx 


.*. I = 


ML* 

12 


(2-31) 


: U}S>. J*k 3lhJ j^aUI <*> -n/Y 

4 SU ll j)t r ^_aLuu>* 1 ^*>» JSJ i util i * i i it)-, < m j *j ■« • - ^ \ <i1aJI « • ■■»* 

( V-T J£A) 

jSijJLI < 1 LJJ (jjl»JI jjii A ill fjA 




I = m, r 2 + m 2 r 2 + ... 

= r 2 I (m, + m 2 + .... ) 

= Mr 2 

<il-J I l jjk M *•■_■**- 


J>a o^>iI jj fj-fr * /Y 

: 


<JLLa. j-l I c. 1 < Lf .A «) c*L2Jjk 


jjx. SjLaa (j I 



. ( A- YjJ^I^Lidxl^^x Lk jLk 
2 k x dx ULJI LU 


JojuJI diHS ,j r a^Lj * *"~\j M ^jill <i& oil5£ I jj 


2 7C x dx 



= <ikll <i£ 


lA_>laJ 4 £j X — Uj£>» Jj* 4iUP j i I ^ jc. 


I = 2 k x dx 



x" 


^.jc. ^Jc. ij ‘ *•> ~* '* X — 1‘ jjJI X — 0 * f Jiul Cil tlaJ I »y ^Jc Jd»l£lll * 




I = 



r 2 

/ o 


dx 


2M 

r 2 4 


rv 



Mr 2 

2 


(2-32) 


IjjLui-A J^l ^.j-c < jj%) c >-al>Sl <i(^kuiVi jUJLtl 

^ *» jj * *lti£ m | < <-iljlr> mV I jJoJi > i«A*i r ituA — nil r 2 

( ^ ~ ^ Jii ) )<<rtill ^.je. ^'i jL ij aJil ^jlAltl 

I = yMr 2 (2-33) 

|jjLu M 3 *»ljL...V | <££ 

. ^IjSVl J£ 




(*-OjC£ 


: jj-dUl jjla-4ll £xp\l - > 1 1 1 

JJ^ll JjA ^ til ^ ll ^jl jll J^tAllI (jl O jic 4ili 1 *■ "^ 

A A jj^LI J>*. ill >a I a (j(jIq ( N • — X ) OO' 




J[^A l^J jjljll >11 i’i x <liLiu 00 j ijb ** “ m j Sj-jjthu AlHS j i 

m, ( L - x ) 2 j* AA' 
: jji AA' J>s* <K ^u «a »ll ^1 jll j^^aUI 
I A - Im,(L-x) 2 

- Irn, L 2 + I m j x 2 -2I m, Lx 

. f ... ? llUaimilMAy fc £m 1 L 2 = ML 2 ^ 
I 0 = X> nij x jjk 00 c J tA. (jjljJI jj i o i l l 
JiiJI j$j-* JjA fc j • > « Lfj] iuA U*i InijXaJILl 

. J£ll jjt 3j I 

I a =I 0 + ML 2 (2-34) 

^^L-aVl j!>aH (fjlji jjfk * JL)-^ jj irfiiH J !_*_»] ale <i| Lr lju I j-Aj 

. ljU JJuJI . yA L £i_i*k ML* - jl-uil uil * Al 


: (o — Y) Jll. 

S Jatl L <(yL* '-»J ‘ <~»*l ^ll jJI aa^jl 


lo 


ML* 

12 


4 LioVt • i_iji<>,*I1 i pjc 

: jJk AsJ <1 j>uaill fjc 


K = 


•^- + M(y) 2 = 1/3ML : 


: 0 — *) Jtt- 

M 2 / 5 M r 2 jjk L*j£ j** < at ll ,ji cull 

. La jiaJ t Lai 1* < 


n 



: J aJI 


f /'\ ‘ ‘ m i ^1 Sj^ll ^ ««* i » 

f / j ^ 

\ q/ X ~ i ~ 7 ^ . * M 

\ ; / * o-\>* f-» ■ r 

\ y ( 4 / 3 ) 7C r- 

v^olkll f jjJI ^jic. Jmt t l cr L Ciiafc (jjaJjj 

o\-o j££ 

: SxtUlilt jjla-Jt ojitii-WT 

Theorem of perpendicular axes 


Jjujj 111 j j* i ni-^1 1 ^yk ijj> io <ll£ OZ , Oy , OX Sx»li jj U • jjJifcl 

. ( \T - T J J^!u . m | r : jji oz l^i jy lil I I f0& oz j^^JL I ^ r <il < n» 



(k-o jsCi 

r = x" + y z 

: jJI OZ f * *» ■> ]! jjJKJI jjjwaill £1 (^1 

I = Im, (x 2 + y 2 ) 

= Im, x 2 + Im, y 2 

= I x +I y ( 2 - 35 ) 


i. 



jj tSjLuij L» j jaj» Jj-a>. jj - i ^ » 1 I fj-C (jl 


^Tj^JLLi %2Ua —\i I V 

( Kinetic energy of a rolling body ) 

CoiljjJ C-iLlo <1 (jjSLj (jj * i >a • (j-lfc jj jjjl^L-ail ^ .I«% I jl 

<jljU.»VI (jrJ-J Jaak ~ * “II die < LJLLliVI 4 " -- <_IlL> ^Jl 3 il . -iVl » 


• uLx* 1 * 1 c^*-lb 

Jal l 1>^ <iljLu()U jjjljil ) « ^jxj CO i jA <£ja!I <jjljll 3 x.jojJI oil^ I j] 

: ijJk <o£J I 4St i >aJ I Olla ( jj S I ji I 



: JjU <jl^JajujVI ^iaS > . tu>i F j Lae. L <jjlj|lll jjLaJtl (jjjli jjiUljj 

I = I 0 + Mr 2 

. <al>Lu*VI jjaut Jja. ^alall j>*a»ill ^jc Iq £«»> 

1 1 0 co 2 + 1 M co 2 r 2 : ^ <a£JI I <5LL 

V = 1* CO = iil | iSijaJ | <c,^J | j^J 


^jLoij <iljU<wV I <5ija <iUa ."• 

i I 0 co 2 + 1 M V 2 (2-36) 

. <u!llIiVI &joJI j » aJ. I J[^a. Lsljjjll <£jaJI f\j»y » (_£jL*u L 4 .il ^1 



jyJLS r >->0/ Y 

( Moment of inertia of a flywheel ) 

| Nf — X J£Ji j D JjulI jjAji (jt 6 jLc eilj^JI 

v Ou jjJLj I (j£aj 

<jJc <jljJa^uVI l jic. cul« jL«_uk« r UijLi 

4 hC. Lj-LII 3*.tjL,-VI ^Jc |j JjjjJ* lniii 

. m< 

Jj •> |»VI Ui I <1 J Jl Ml tdjS Slc. 

ijjljli Ijjlj 4 L»j 

i J£ll J^yLu<«ljj| Dj^JI ^jLuu 
ljl\ JiaJI J>hAj i <£_>-=J I *Jj ^y> CiljjJ 11 ( JJc Ojlj JJ> <ilj^JI Jjl 

. 1 1 'jA ol j>JI *i* c> «" > ^jll d>Li h <iLJJ ^ l f> > jjl jju 
J jk cljjj ^jiUI ^jjl <jlj i n 2 u-A tjjSLuu <IL> ^1 ClIjLaJ I <Jlill ol j^ JI JJc 

t„ 



O.L&i jjlJI <JiLIo ,jLi <ilLJI * UL (jjjLi ^ * Li jj ifj « Tfcl 1 J Lie. L 

OUqj JoSLuJ I JSllJ ClLsJI <£jaJI <jllo - ^gjl I 111 ll 'Ll I Hi HI 4 l"‘^l 1 ■ ■•' 

• ijl C$1 <iL~a 11 I 

m g h = y m v 2 + -j I co 2 (2-37) 

jjuc. *Li I , L*fc U 4^jl j] I 4il I ^jk 0) 4 l^LJI ji c. <L!iL^-lll y* v ■ *• • j **- 

, <j^J|| tsA 

"v = — JL-.I .I I iKII 3L.. U “,H U>uJI 

v <!au^y*li ^c^uJI ■ *« = V <1 j£D JLiLflll Uj-J I 

V = 2 V = (2-38) 

t 1 


IX 



fjJk (jAjVl Ill <JtSII Jd^LkM<iaaJ <1 IjaJI <iU.ii qJ^U 

co = v / r 

• .Ui^ll <il^]a±*VI jJai > i<o'i ijji r iSj-fc 

<ilxaJI jjjSLu* jAi 4 *jl>J u* *i) 1£1 a. V I j-J* Jjiiil JaJUI jji W <jl£ Ijj 

1 i 

u* ,v iu‘L«>‘t — I CO <ilxaii Cu lj^ jJI I <LiLla ^jLi < Sjjj n ^ jj-& l+iljjj j *,< 

• ^tl (_^l « jjljjjJI # Lul <i)l£L^VI ^Jc cxUoll 

4- 1 CO 2 = n, . W 


W = 


: ,jJi Sj^j J£ (jc *4 jJuLI I <jkLL>J I J\ (j\ 

(2-39) 


: ( jj Sj * LjI dlSkl^VL »4>ull <2lieJI JL^jLu <iUJI oUL 


1 , 1 i 

m g h = — m v" + — 1 0)“ + n j W 


(2-40) 


: l jlc. J«rfi-fc*i (2-40) u* W 


I 1 2 1 r 2/1 n i\ 

mgh = — mv+ — Ico (1 + — ) 

2 2 n, 

. lia^i 


(2-41) 

6 JJk 


■■ (v - v) Jtt. 

jjjLiVl ,jJc 0 JjL* * (J lt (jjii-u 0A <i)j " i <4lj Um t <La^c J-»<jl 

. ( \ 1 — Y ) J£2u . ll <iLuil ^Ja2 


7 . t — “? hjsinG 


IV 


(M-O J^ 2 i 



: J-JI 

: ^Lii <J£JI <Slia . M <LI^LuiVI ji jAjii 

^-Mv 2 + 4-1 O) 2 
2 2 

= -1 M v 2 + -j Mr 2 co 2 
= 3/4M v 2 

"jj h sin 6 L43 *f .».L» . „ jji li <jLm » ?*>ijU...Vi I jj 

3/4Mv 2 <£_>». <illa ^1 M g h sin 0 £*i>U <ilL> 

v 2 = 4p h sin 0 : <ji Ji 

(jU 3. £^Lmuj <i^£ Cul£ Ijji 

v 2 = 2 a h 

h liLi! ^Jai jju ^*^‘11 <c^uJI ( jjk v 

^ . 4gh . a 
2 a h = — | — sin 0 

.\ a = 2 / 3 g sin 0 

<Jjlall ^daJLuui h iiLJJ ^Ja2 jLaaVj 

1 1 2 

h = —at 
2 

= ■— x 2 / 3 g sin 0 t 2 

t = 


ii 








*Lll jtJLuu jji jll*| OujI ^UjjI ^j\\ p LLI £*j* tidj ^ 4 *• ‘ ~~ ^ 

■ ^4^ / j** 50 4 

? . < 4 Vf ijjill iajl 

X<J 4 if <_hm*I < jjjLiVl jjc 30 JiL* ( g )«Ul (f j ~i i>i « |jJc ^tuA jljiu — X 

? . <iLJJ k±A <jj ^Ua> ^jJI 4Ij£j 4 1\ ^ i ill I <11* jLl«| S <iVjil 

« »>a> SjSu <>r L jaj v i >a * Jjflhj O^LuaL 2 L*fl* JS (jjj jjULI - V 

i jjjpUVI J^kl jji jl* 10 ^OCjl »J-*J »jL* (j-» fl>* JaIj <fc£ cJaLhu 

* 1 ^ «* ) . 41 j Sju LfJ <£j_*JI < 1 * f, « ^jLuetlll Joe <Lcj_a ^1 I 

<?. ( YLili/ ji. 9.8 

<JL* tj* * IjJIjI jiiV I yi*- 30 JjL* ( ^t ‘nn yit <!**** • <j(jJa^ul 4 j^j2 — £ 

? . Lul^j jVjjVL V,ji <£>JI ci «~i Ijl ^jLuiill ^lL& (jjj (jjU « ^Ul 

< Ja^all iJaili jajj <4c (j4y*£. JjA. (jajil ^1 111 J J mi l I fjx. Xa»jI — 0 

«»»• iJ ic- 4J>U jr^-UJ ^IjA <jij£ i_yaji <iUa liiii^ I fu 


S • <4^> / J+* 0.2 Ijkjjji <jjli <cj*aj 
^jaV Ij ?~l « I <-» * Lilj*| : ^-*.*11 <££11 ji (jljjjlmU (jtjij£ — *\ 

S . i »a« > £jc L*Ajjj4i »j > ,>.< 

lii (2** j-1a 1 0 <Ui» * j-A u* jlc < f l>a. j1l£ 50 frlnut l i Jj-a> -V 

ja.V I taJjJaJ I Jj* jil I ( f j *i i «i • ( jM Oj 4 J I i ^ l^)Ai 1 UjJLi 4— ti £ Jj*J I 

(jl «JjlS O^aJI 1 1 L"> ->_> jjJlJI < i jijJI oljjxll (j4 JOA j-& ±*J . JjjJI <> 


£ o 




uJUJl 

Pendulum and Gravitation 

<L£ja1I -i /T 

(Simple harmonic motion) 

<L£ v I * JJk ijlc. (jllr»_t Culj jjl jjl < 11,‘lijl <ij_ 3 k - ^ ‘‘Ij *~‘j I » **■<■ 

Jlj-i ! ib 1 j " J 4 A V Lfl ( j_L tail fjitjJLxu+y - d H <JUI>DL 

■ oV I jImi ^ * 

JL?-* tr» (j-* <Sj j ».i a i^lj] ^ ■ 1 ^. -^ la] Salt ^ j^ll 6XA LJtoj 

cu.i *hl | _|Jc cijjI la] I 6^aJ I <jU Sj_a1 I cuIj »— ijjujj < lj»» aJ^j ^ ijJLll «_iaL^ 

^jic. d^ou ^^^1 1 $j_iJI x CaJjVI cul^ I a Li |1 >*_>lLi <i <<^.1 jV I 5«i^j4_Li 
c*il£ I a Li i d“ x / dt“ < l^c Sjill *•!* ia^Jj — |ix <jlj3l ^jLx-j 


<lajJI x <j£ll — S till : <£»aJI <latiu ^ jt ^j m^*uaJI<lj£ 


= -\l X 


(3-1) 


(£jLuu <JaaJ ^1 C^ljVI Jjj] <£_>aJI <1 yC 4 i mill jjl |uaL ilaljtil *JJk ^j-a 

.^UjKitll ^iiljlJI 11 ob^u$ laa a^3jj < (i->Ta^^* culj jlaiua) — (^1 ~ (p/m) 
L_i«_ba jjl <£^JI ^a_4j im-^II <A.lj] L+iL ^aiiljoll <£j^JI <j>.fay t-ij-«4j 

Cm-*-® j (>j ^111 (>»jll jAj <4fjjall u-»jll ‘ r t>!2-* j«* aa^lJI <jl L*£ <<£>*JI <*-lu 

. Ijlal* I o|ji jjiu ^ i > 1 ^ II 

: 4k uadi 4aiiijail 4£j*ll CiYjIa* — Y f T 

(Equations of Simple harmonic motion) 

r Lt^iai ■ * ■ 0 UijSt^ Sjjla Jr>j~k » (J lc. ab>*fi ni 1 1 1 4-la.*j I 

CO ^jlj i a l 


£ V 



B 


(i-f) 

LL*j j I I jjt ^jc. <jjUI ‘ ' j ■«- " j tulj Ijiai AOB ^xtcl 

,i jjIjII <L*l£ Sjjj 5>» IjL|j 

^ * ■ ■» « P ***** <£j^JI » jj t jail » t if m <1 j£JI ^jl 

jx X <iLuu JJUJ AB jjk l r>j n i l I jjl jji J-&4J < OP jt . tk t I ^4 0 O 

.Sjjloll 

x = r sin 0 (3-2) 

0 

) j_lx. X <-tli I t-il I <^ vaJI <aI*J /*| t £j CO — — I 4 -£j-uJ I ObjJLJ 

: ^ AB jLSl\ 

X = r sin co t (3-3) 

■»*“ ouu co = — jJI /‘i L *jj f c£-+± L» ^IjVl ‘i < 

(jift t <L^ljVI jljL* £jVj <j^Lai f iSjjljJI ^L»j> s . i i rft t l <^jli m 

J»ijj ^lil <ll«ill ''fll <LwayiJI ^1^04 ^Au^J «(\ ~ T) J ^iii J irt ~fc *1 

tjjljll L»_> -fc 4 ylc. m mil J^^Ti ^j)I 4 tltVil I <UjaJI ji v cOt£ I jJj 

, AB ^la2ll tlaJil t jk ( ‘i 

■ I^J I 4ajhu 

iA 


v cos 0 



cos 0 = (1 - sin 2 0 ) 2 
= ( 1 -x 2 /r 2 ) 2 


(N - T ) JS-ill 


v = r (0 ^£1 

(j-A <UuljSil <£>aJI jo-u JjjSi 


r co / 1 - x 2 /r 2 ) 


= co ( r‘ - x ) 


2 


(3-4) 


< rco Lf i * i > jiaiil * * ■ *L^jl ^a 31^. #■ i .**»“ jjJl 4 1 ~*» 

<JodwJI Ctiiljlll Ifuii A R jLill >1 «.il a jul <j $^4 

d 2 x/dt 2 

d 2 x 2 . A 2 x 

= - rco sin 0 = - r co — 

dt 2 r 

= - co 2 x (3-5) 

ilauJI (jl (tLaliVI jj-i 4— aJjV Ij^l^ all L^jaui LlA 4_j 11 .mil 

Ijiut <iajJI LtdJC ^Jj [J ■ i 4— a.ljV I LaJjA. {jdalLlj 

: 0 1 d~ (3-1) <ldiaii (3-5) 

co 2 = (|i / m) (3-6) 

a I jli 

co = = 2 n v 

T 


«LuQll fj* pi j*dll ddfc if I jj jOll iA \) i 



: yu, _r/r 

(Kinetic energy of a simple harmonic motion) 


F ijA I SjZlI (jl f_yaji^ 

F = m a 
= -M 

^ SjUl u ^jj ^jjLIiJI jfoju jjjli Jj i lil t (jSlIj icL-aJ I ijA a 

jj jfu <£^JI (j jJuJ JjaII 

F = j( mv ) = T 4 “ (mv) 
dt dx dt 


dv 

dx 


m v 


dv 


M- x 


m v — - + u x =0 
dx 

mvdv + jixdx = 0 

(3-8) 

4iU* — |1 X" jLkl t am ^uu y I) I <iUa — IT1 

<jUoJI tgjLuajj < Uilj llili CjCLiUnJI f\yjkJfu» (jl Jia-iljj ((jlfvll ^ <J £u^jll 

.LliljXIXjzJliJZH 

La Jj£l <£ p-^ Laut 3£jsJI jit (jiLuLa jj£| £^jll <JiUo t 'nlS] 

■ j S-jm Jjc. ji«J 


1 2 1 2 

— mv +— p, x = constant 

1 


1 


ix^ji i k&w - r/r 

Damped simple harmonic motion 

•KjaJI <)La 4 i j£«l)l <ltLv 4 L»um J1 CtVjliU 



<juuj Jilj jjj] I * jjl JL> LjIj Jaja 4aL*aJI 4a^Ia)I (j+j < LaJll4A4 <_i>i <i*(J 

<£j^JI <J jlaJL <— *1 td ij vlDjl^ <<(£jaJI i I (£J* >_i<»)li!l^j U£ 

•' ul cf * j ill *jui JIaa 

m = ^ X + p + |i x = 0 (3-9) 

dt 2 dt 

hilSjLu, m ^ 2 .... "H .». J* ^ « ...j . » ■«•■ J* P ~»~ 

ia*UI <aUUaII <bUtl 

d 2 x „ dx 2 A 
— T + 27-— +co x = 0 
dt 2 dt 


2 U 
co =■— 
m 


p/m = 27 


(3-10) 


: jjJk oVU. ££(a *t 1V1I <1 j(a 1I ft ift Ja Jacj 
: (‘1 Ltjlt — ^ I — lo^ »jaj£ ^jS Ujic. : Vjl 


2 2 

7 > co 


P" > 4 |i m jl 

: <pVI jL Mjml <lb jit <UjU 1I Jak jji 

x = e a ‘ (A c at + B c a ‘) (3-11) 


a = Vy 2 - 0)2 

■ <LuljLVI £>«• A & B ££ajIaII jlaul ^L*A Ia£ 

I - '*'* I jjk >tj.,t.-k jj ii>>« a jjit Ji a r»i ^LJi .1 a *^~JI (jj^kA liA.tif. : IaaIa 

OJ^f 


2 2 

7 < co 


P < 4(X m 


: 6 Itfl 


o\ 



: Jjl ($\ (jifc (3"9) <Jj1jlII ilaJI (*»«£■)♦ 


x=e at (Asin X t + B cos Xt) 


= C e a 1 cos ( X t - $ ) 


(3-12) 


X = v 


CO 2 - y* 


, C= V A 2 + B 2 


L-jjJuJj .JuiljIiVI I !^yt IjM i J^iaJI I * (|) Cullll Lit 

<_iUoJl I »■ jjJall ijjlj JJi Sj-ill * Ijj ^ tl^*» <Ljjlj L|jU 

. AuVJI <LJLe. * liil Sjjj I 

: (jj£j Jj «’>‘ill <il» : (jJIj 

n 2 . 2 2 

p = 4 |i m , y =co 

: jji <Jj(jJL jklaJI JjvI I jjum 

x = e'“' (A + Bt) (3-13) 



CiV L» t jA i_j jj j l *11 t x ^IjVI 

.<LLJI <k»SII 


oY 



Lajl if i ej.LjljV £jaJIj jJjSJI ,.l j4 >*>11 ( ji <j| J^tJI (j-® 

> ij « < A 1 1 >,u 0 ->*tl I <JL». jj L^oja < x = 0 jic jjljlll ,jJ] Lka^tjjj m<tSl]l 

6Jjl <?„>.m Cul^ ub ‘0^ VI £^*tj Jj-^ oLjbj »i<jXaJ ^ a .mj <-^jjl . t 1 o -v l l I 5j_i (Jij 

. I £-* jlji4li.nL jj^ilij ji oLii.il I 

I J-* SjuaJJLI <^jjJI jj qVeLS jl (^,*1 4 i Jirfi ti ^aJI ^4jJI JjUl 


T = 


T = 


2 n 


2 n 


4 n m 


(3-14) 


Vco 2 - Y 2 P 2 

<]jIa 1I (jli P = 0 Ljjc — — jLLtllll ^IjJkjl <JLk jji <il ll* 

U 4,i »j j (3-7) <JaL«ll Lf-uiij ^ jj£» n = — JJjlJI Lr laU ^1 (3-14) 

. .*i. \-.ll t tjlIL HI -sJ I A.t.4 ui jjjlll 

L .4.* t |j+1 , t n Cfrljjll (jCjlilill x^ljVlyl — •— j — • (^1 Lli-ij— * lajj 

■ iii tjU <j.i a*JI Ijlc. Ji*~> Vi (3-13) <JjLlLI ^Ixll-uily <i_jluj 1II ( jlc. X n+ j , X (1 

* (ji (S i <££■*!» Lii 4 <&ja. 




‘n+l 


= (e ,ln / e 1,t "“ ) 


' c4 C£-X>^ ^ 


A = In (— — ) = yT 


t. t , = t. +T ^ 

(3-15) 


k n+l 


J£ S^jJLkll <2lkJI jjJil LhjLJL. LhIjI li^jj i^^Ajjjlxjill uAjilillL A y 
jl ^ahjjIcjJJI (jo* lull jl^l^j (j) jjJaJ I <ylj L(U <i^Lfc i«_i jjjlll (j-« <l»l£ ijjJ 

' <jl •— *L*j 4i 
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= tan (J) 


(3-16) 


or 



: ~i jf 

Forced Vibration and resonance : 

: $ji)l <jj£j ^ j'^lc <jjjJ <La>jl*, oj5l Ijj 

F = F o cos - t (3-17) 


d*x o dx „ 

m — — + p — + p x = F 0 cos «e t 


dt 


X = 


: fjJk (jjSij <US[j4 <<L2 a|jI 4^^ tiljaJu ^ m^l I (jl£ I jjj 

(3-18) 

: i ibUll tiA ojS^j 
cos (at - <}>) (3-19) 


m yfi** “ - (o 2 ) + 4 y 2 ^ 2 

y = p / 2m , a) 2 = — 

m 

: <LI*1L ij U»*j (j) > |lall <i^lj jl La£ 

(3-20) 


tan <J) = 


2ya 


2 2 
« - (0 


1 ‘j" » J * » ■'■»*» I ***»'* ■*■ 1 *>■"» 4 • ■ ..It ? j ‘^1 (3-19) 2t.ll at I 

j _> ml COq ^ m-^ll ^iUaiLJi JJjjail Ijjltw > 00 / 2?C SjI^jJLI 5ja1 I 

>11 <juJI jjjj (jc ajuJL L* >-iicl 3£^aJI 

(V — V )^,^tii ILiguIl (^jjl ^ jk Ji<»i>‘i ££j 



cula jljjl US ,<S jUJ ] » i <(jJI ojljjl (US j‘»u £lUl 


.(5 i u«>~>l I 

: (Simple Pendulum) o j T 

<lLu i 1 1 1 rfi its cSjijj m ill ilfkjaJ U^aj LiUI JjjjjJ I J Ju 

j-uLi cU i t * *(ji iSj_ai 1 1 1 1 i ciSjii £ LijLak cta>ijl I j I - tj -L 

-i,Vl iujUl 


j i til I (j(j ( 0 jiLi i U-J jk iSjUl <^jlj jjlj ^oUl itS m jl 

,utJI Jjl « lj <j| j_&t «(£ — T JSxu) J^jkll ijlc. J Jvi (j-» • T Ljlll jji 

yk Jjjii cSja jjji F JjjUJ <S_>U.I i>UI (Jiill Uj ikll ^ 

^KjUlo.Ul.LsI 

iAljVI (^aiLt jit jjljlUjill jjV <ilL * jLiVl* F = -m g sin 0 : jl 


F — m g 0 : JjSu — ijjlj ilU uij 



oo 



n jjjlll 


T 




( 3 - 22 ) 


: (Compound pendulum) 

<£j_a djjkij <jli i Ija lojLah joji O 4 m < 1 h ^ ^ • ■■ ^ ^1 a IjJ 
03^* o i -k>Af < «L£jaJ I ^ ■ g « ^Jc L^>*c j> l«7>ll <Liju jju iJ>a <Liai <LJuljj 

■ 6 jj ».<*■> 6 4£jaJI *^jl j 

< ItvA j {ya l <i t m a . 1 > ll ^^lll P 4 Iftj ill jifc j!^J ^,im aJI Jii j ^jl yayta 




JKjJI (Ijliu sin 0 = 0 jitAt 0 <jjljll jj j£! Lijifi 

li!i= . mg/e 

dr 

. 0 <^ljVI jjljll *LmI L*lla 1^*1 I ^jc (jV lUtuJI ijlwVfj 

d20 2 D 

— - = - o) 0 (3-23) 

dt 

• O alt jljjjJI ^Ijll I , CO = — ~ — io*. 

CO <4jljJI <£j*ull »i <!«»■■■■ ^‘**^J*» fj r ‘ J^*** (3-23) 


co = 


2 n 


T = 2 7C 


mg/ 


I 


mg/ 


j* ujlSu 

(3-24) 

(jjlall jj^ill fj*] jjLkll u>ili Ju i nlj j 


I = I + m/‘ 

p 


= mr‘ + m / 2 

1* , P Jiill j£>u jaj j>a^» ^iall Ip 

^jJI ^ jSu alljjjj Ijjk J>». jjaaiII jJtti 


T = 2 k 


m(/ 2 + r 2 ) 
mg/ 


= 2 K 


/ 2 + r 2 
/'g 



(3-25) 


oV 



Imjinjll Jjjiill L ijufk 


L = 


4 2 


+ r 


2 


/ 


tja YJ 1 '** JSu £ (J lc. Ia£j4* Vjaii *jLc ^J^'niii < 4 j-ijV I <aj jLaJ I <ia*c aLa^y^ 

i tfl .V » JoJLj {j-* ^>1*4 <-*j <A ill Jfi j^j-4 ijJiu Ut j ^Luaj <j *fc.*JI 

aau T jl I (jaj JLa^jj ^4 .JiSJI (jt jjUllI <JalJ Jju < (/~) 5 j4 (juULjj 

(3-25)<lal*ll ourt <L» ill II > Joa^ jjic J»4> ~fc'i / 2 & T 2 / (j[U I ^yuij^) 

. g <u-ijVl <4j jlaJ 1 <La* aa*j4 JJI a*J ‘ 4 7i 2 / g jA 


: 0-T ) Jli- 

0444 jl . <4JjJo jalj j44 j) *■* » Jj_a ■ L, <(jio (jjjj l ^jar. ■ j * 

2L L 

i.uit,4 1 ( 3 j 1 ■ "il I < Ui i (j* L , — — , — a.njl Jajj jji m mi 4 Ja£ 

S.iiiiOil 

t < 

: J*II 

2 

— L <iLuuaj t j_il»~il I <Jaij JJU4 jail j$j4 
(jljjJI j^ja** <Ujaafc4Jl (jil all Jj» ni ll pje. 

I = 3 m (-| L) 2 = 1 m L 2 
3 3 


T = 2 7i 


- 2 7t 


mg/ 


iiaull ^'w* j iv4 *j (3-24) <ljlidl ^lailuiljj 

= 2 K 


(4/3) m L 2 


3 m g x (2/3) L 


2L 

3g 


(t-r)jlla 

^44< 6 <*44i oil£ Ijli << 44)411 fjk oLoj 4 iJ-aju al^iij aLLw jka ^ 


oA 



(j-* 2 jY I <(*...>11 <£-j*u (_jjj.il I Oa^jl 

^ ^Iax ^xtl l $ ^wuw 2 4^ljVI ilc. ^uiaJI <l»x. ( _jJkL» 


: JoJI 


l_ 

T 


n 





V — 0)Vr 2 ~ X‘ X £-±^yk (jl jifc ^tn^ll 

x = 0 iiif ^Ai La ^j£i ^juu r 

^max = CO r = 2 7C n r 
= 151 cm/ s 


<t j^JI (jjSu x = 2 cm JLJjVI (jLji: Lilc. 
v = 2 7t x 4 V 36 - 4 = 142 cm/s 

a = - CO X ^j-^ 4 ££i <iauJI 

x = r ( jj5u Lajic <U->r ^ mil 

a m „ = - 4 7t 2 x 16 x 16 = - 3789 cm/s 2 

llliUv 

x = 2 aie.<LjJI 

a max = - 4n 2 x 16 x 2 = - 1263 cm/s 2 

(r— r) jcu 


(_jjLujj <U jL» 5jJi Jjjfo CiaJi <L > j» i 5 gm<ifa£f !..>■* J >aJj 

«j_A (jt fkj ■**■ 1 *■- _* <_jiaahill Cc_^i iJ I . .... I \Ti jIi 4 J iJi-JII <jkljV I i,U i<i 40 

>( jjlj 200 ^ 10 cm/s S^J-LII jlfciVI 

. V_J jtaJ I jS^JJ (jc. 20 Cm Jjlu {ja Ijj ^wku^ll (jl __jaifc I 

S tiaaJI CiLjj.iU (jjjjll illii^l (_jl ilc 

: J— -Jl 







m 


d 2 x 0 dx n 

^r +p ir + ^ x = 0 


: I I I £ja <_i i ii llu F it I tjl 
dx 


f = p 


dt 


200 = 10 P p = 20 

■ ^ I jV f ijJk X ■**■ *~- - 40 X ml I <_>Ja 1 I 


dx 


dx 




dt 

(jjSu <<2kj£hJI »Uhj| 


5 — = - 20 - 40 x 

dt 2 dt 


i>fc ^ wjl >tl ^SijJ.1 20 cm 4^l.i il.» t iic lx* ^ i n %t I - fc “ ~-^j 

4— = 0, x = 20 , t = 0 
dt 

jj. <LLJI <1 jIjlaJJ ^IjJI J=JI 

x = e' 2t ( A cos 2t + B sin 2t ) 

A = 20 ,jl JaJ t = 0 Jo£. X — 20 <ojI jljV I JqjjJuil 

.*. x = e' 2t ( 20 cos 2t + Bsin 2t ) 
dx 

(J Jc J mV t =0,1 = 0 «U£- gjlall (ji 

x = 20 e' 2t ( cos 2t + sin 2t ) 

= 20 V"2 e' 2 ‘ cos ( 2t - — ) 

4 

20 \f2 e' 2 ‘ 

«uil5 7t = 2 7t / 2 jjk ^jjjJ I 

1 ... 

. — >* jjjUI 
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p\*i\ ill 

( Law of gravitation ) 

vH»sh isj*i Jji -v/r 

( Kepler's laws of planetary motion ) 

I JJk fLJxll Cua^La. jLS <£jaJJ Sjj| i nil <jujlji jjl 


i ( jjk h i> i hL lIju (j-i JOuJI 

jin itj I £_]al ^Jc Cj l^l 4 H.ft i i i ii,(lmiI I * '■J * ' I ~~ — N 



: (Law of gravitation) ilgjbJJ Q>ili31 -A/V 
Oi^aaJH o£(j£ JjI jj-Q_pul (jU N \*\*\ ^tc. LujLaJ) r l*JI ^.y lil ( ij^y^ 


tJjLL 6 ji jt I ifin .(jwtnill L^ilj Ciljl i ufl ji "i i L 


iJI 


• i 

iyljll Lt^JI (0 < jmaJLI I »j 1 1 m * ^Li ■ *" 1 *' 1 r < I ^ t"A in m rco 

2 71 




0) = 




4 7i" mr 
T 2 


: { jJk <5^a-LI ^ jjml I SjaII 


I 1" t~ ■ 'j* - lj i n^r i_i i i.Lili Sjill tii I (jiyjjl Lditj 

: I I «_2£j£1 I Jirtli 



4 k 2 rnr 


constant 


T 2 r 2 

4rc 2 m const. 


T 2 r 3 

jt lu LjjL jjV^I (jl ($1 

, i <j<£i fit sill j . £JUII jL^ jj^auJli 

u..y llil£ L*4 m 2 , m 1 oiL£ I jj <j] (J _Lc. <_u jLaJI (j^iLi ^>1 

: LkjljL* F \j!k* _>iVI s ^sbi -■* t -^*j 1 >!*>• jjU r I >| !<*>»* 


F = G 


m, 


m« 


(3-26) 


tfjLutjj <u jlaJl CulS ij .* i nj CuU jlji* G 

■G = 6.67x10 " Nm 2 /kg 2 


'***•* <j* j-jVI gk« 6* o-LijJ'i! ji £LHjVI j-*ib _<\/y 

<AjjL»J I <1.-^ r JE ^1 m^U L | <*i^ SjJi JE ^jajVI jg. U«j3jl l.«K 

f <»» *>1 (^jVl o<l^ o& g ^Um jlc. ^jjLaJI <Uauc. <j1 .3 _> iAjVI 

: jjj-u (3-26) <jj|ju4jl mg ^4 m <iK 


F = mg 



(3-27) 


Ujki v r i jjtjV I US ^jjk M 

dufti g^ Jtli <iakAll CiilS d <lUa ^jVI Uim ijC. 1 >■ l*ijl lj|) 

g N = G M (r + d) 2 (3-28) 

: (jit J»^*r>i > ^jiijlijl QuIjUJU <? » i m>jj 



\ ( , 2d . 

g = g ( 1 - — ) 


(3-29) 


<l.>f (jli d <iL«Aj u<ajVl {jc. IjJ Lit 


g x = 


M N 


(r - d)‘ 


(3-30) 


> d • m jjjJ I ^akjLkJI <j % £ 11 ijAill jjju jojVl <Js£ jjjk M 

1 1 -j. » (jj *>■ <4 ij «*> 3JL jSLlW 4i^_jJI{ji 

» 

4 ^jLui 

^ p ^Vl <ilK oiK I ij 
M N = it (r - d) 3 p 


x - 4 3 

M = — k r p 


dij£ 


g_ _ r-d _ 
g r 


J«^ Vt ^>.^3*1] I j (3-27) (jJfc (3-30) cglljlall 

(3-31) 


= i.i 

r 


: 1 {IujU ^ 6bj J * /? 

^>JL L^._ilf. jk 1 4.41 -^V I 4 :v iill.il CO 4jjl j ^-X._^ >. 4 aj ( | mil i l »-a. t _><o_)V I j V -U 

, <1 ^jVl ' ■ 1 ^ tji m ^.ukdl ^j-aJI kSJk m r co ^ j l . >.<^1 < u'i $ y tjjLL 

£yA Ljjiil US (jSkJj <> IjlmV I Ja^. jic. La Jit ^L<uaSU (jjjJI <iil.ij q W rfijj 

jj-ki^Lu SJjLUI ^>U I Lfic I^it mlj jjol I I jJoJ > ikrtt I_yn,'i\i (J<JlLxa1 I 

.££jJajJI 6.1 a LaLkJ 


nr 



jUiVb isj* -\\/r 

(Motion of rockets and Satellites) 


^1 <ili v o ^ I I jvL-uj pH) 1 j] 

ulu V X <JLcu ^1 Joe dc^ui -u^jVl Lajju * L J m * 

y2 = v o - 2 S x ( 3 - 32 ) 

jjj jjJlj Jj ,_^ojV I jjJj <44 lj <ijj 6 jiS tj Lua <Cj44<4 fLuaJI b i,\i IjJ L* | 

, LcllijA IjaS <ILaJI 4 j-A ^ < «|->I I ^jJUxtoJI j^ill <£j 4* JILa j !■««*• 

mg <1 I'jAjV I (j^pLj ,j| I JjA. Ill dfr£ ^ iiafr j v Ju Jaj l i al 

ftjjk jJaA i.im’i r iiu *> djjltill <£ ja!\ jc <juJullll m v 2 / r <4j£_>II SjjU&ll ajjJI 


. jImJLI ^ i htJI icju V 
.*. mg = m v 2 / r 

(jJ> Lfrllua IjaS jj«^i J f‘>‘y 1^4 b i.'ii aj <icj444 Jil 

v = Vr^g ( 3 - 33 ) 

: jia 3 « (> Ijj! 2 £ bjkll^jV V (jl jLlc.Lj 3 

r = 6.4 x 10 6 m , g = 9.8 m/s 2 

biij -fr .*» ^.1 "v <_4ili)l jjj jJLa J l_>^ 8 Jl4 Vl 1 -iJfcj ^wua^ll <_£j4-u (jLi till j 

61 CS*I ‘ijS-j-wJI L^aaJLa Lij -a 1 1 JjicJ <jj Li n- 4 djjj (jjhHJ <j4»jSU 

T 2 71 I’ on • 

T = = 80 min. 

v 

_)Joi v.Aarti (j(j < (jAjVl ^TiU < <1 ^y» <44ji <£j^l I jjl jl jlif L LjjAj iguLaj ^jL-J 

.jijVl jkl t . ti <u jl. mU 


nt 



: (Velocity of escape) ujj^I i&jm /T 

Ulia jjSu (jl uaj i _yajJ\ Jl ^ a y* I j*i( { i JI lijjl I jl La I 

■ I (jJ*- <iLL Jjjj jl JlV I f jlc. <jjIu*a ^ my II <u I J juV I I 

1 o 

ymv‘ = mgr : Jl tf l 

: LT* 4ajjUJI Ja MJD+ll villju 

V = VTgT ( 3 - 34 ) 

.<u£ll ^ 11.2 Lj_>Aj 

J_^* jl i ii • ji Ou^jJ Cc.j_mJ I « ILcV ijlx ^ 

.<J*AjVl LjjLJI JU-4 Ja LjLfj CaJ^LV jl iy^jJ\ 


(Motion of the rocket) tjjL-ii isj* _>r/r 

<tL£ Jl (^jJu » (V — X ) L*£ ,jic. I 

jjj <j^UajVI *Lij| La < 1 oaJ m l jA < 1^1 jj .jjjijJ I <l 2 S <oll lil^A ^j^LaaII 

. Ill V l jJk , V <Ja&ill tii <kwiljll 


<c^wj ^ <iijj dm Ja ■ , H| “■ -I L* jIjiaj ^ vtj LuoJI ^Ll dt JaJ jaj 

■ iiuiJL v | ^““■‘ 

— V ■ V ( : ^jJk jjaj 3 U 4 a < oil Li Jjl^l I 3 till ollijA. 

,jA dt Jaj JjisJU jliil Cj ^* 3 ^ ^ 

dm . v N = dm (v - v ( ) 

JjSLJj m - dm ^ «j LuaJI <il 5 i jy£j dt 3 j *> AjJ I ajI *1 I LL^i 


v + d v 


(m - dm) ( v + dv) ^a dt Ajliil Ll+i ju& < j L aI 4£jaJI 
: ijA dt Ajlill LL^i die UjlaJ.1 oljUJIj <>KII <i£k_>aJI <aa£ 


*\o 



(m - dm) (v + dv) + dm (v - v t ) (3-35) 

: yjlill 

: O* Cfl • Jd*-« = (jic*! Ajill 


dt 


( m v ) = -mg 


(3-36) 


jjCljlxll | r tj l >^11 (jAjVl tytjafc * ♦— tlm-k <jl La 

(3-35), (3-36) 

- m g dt = [( m - dm ) ( v + dv ) + dm ( v - v t ) - m v + dm ( v - v ( ) - m v j 

(3-37) 


dv dm 

m — v ( — mg 

dt ' dt 


: cr* ^_jLu <LhC kdlju <jj&s 


dv 

"dT 


v t dm 


m dt 

Lirtjl g 4 j. <rtjVl OijLJI ■-■■■*» »* LaJSk £_Lijl Ld&j 

JlL Lfil ( dm / dt ) JJeu kibl+LujV £jjL^II 

• JjA-* 

SjLiij £j» (3-37) <JjLftJtl 4 k-fcl Jjt Ctjdui jLaiV 

dm 


dv 

m — — = - v 
dt 

/. dv = - v 


1 dt 
dm 


m 


-mg 
- g dt 


£ 


V X P dl11 I' A* 

dv = - v. | g dt 

h) 


i 


/m„ 


m 


v = v l In 


m. 


m 


gt 


(3-38) 


J^lSLjl *dj^l jjfi. 1 * i i « ji • *!>■• jJ I £-• ijtjjjt j-uu <] jLfcl I ft jjft 


nn 



*a*j ^4 ^LaII 4jt& tj(j . <Lli V, jjl 

. v Itj^JIm 




A 

m-dm 
v ♦ dv 



cv-r) jsS 


*W 



JjuaslII^Ic c>. jjU 

j±£. j»,i4>.-fall <4JJ JolJjJ < k_j jLi. J&J* J>^ S^l J jj-i iljt ~>J f“>y ~ N 

> jiiii l v — ^ jj <? 1 1 iitj Sjjj |tL<jL ^«i»l Jil (j I ojjI • £xy* 

Q , jV I <ujlaJI <Lauc. g < SjjljJI jJai 

UtjJttS > Lx>i Sj^Ij lr>j-> o (J ic t^JLl ^jJLil ^gj"> hi o (J ic ^Ija 2 j *wT> — Y 

<G_lL« <ftai cul£ I jli < <aj2jJI )J j i ju 30 LajjJi <o hi Cjjl j i&jjuujj « jlittl 3 

^ . JaxaJI ui J*iJI da^jlft < <£jsJI Sjilj JcuatJ 

■ ^ / f-?*l 0 *<-1111^ Jeu^jL* v_i$j£ Jjxk < jLufa* ji JAJ cJ_>aJu — V 

i I l t.-A i Ifajll ^ < L» oJ jLuJll jkl * • ■ » » jjl jjAjli t 'fa jJI j^tj u i i>fk I 
; <jjV I oUjb>,l I 1 1 1 1 1*!^ I« ■ - j ■ « ■ ....-»■ (j ^u4uJ| A |7>1 4faJjAi Cui J^>jl — 1 

JLkjlJL 10 = u^jVl (jfc u ll JUu 

<uli / jit jJL^ 30 — Lkjli* (jj icj*M 

it ^a> ^u« 10 ^ 6.7 — <ujlaJI OjIj 

|Q x 14 — ( juotti ll 

I.H Ifafa I . | >.. t l 3 ^ Itjij 4 *-• ‘ <J ^k I 1 0 4l~t3j J)«tj hi .4 mi Jjklh — 0 

I »Aj I i_i i it *fc lj • j I jlV I ^baj |t i it 2 1 1 Hit j^Jx. ^y SLl 1 * JiX I ilaXJ Olj44i 

V.ZsJliJ&iULLlI 

U jJJ <J ( hi 4 ti I 4-iJ ■*•“ > ^-1 * kiLu i_AjJa ^ 200 Ujltilx 4 ^ ‘"**h — *\ 

^ , i. ‘ 1LJI ^_y» i_Ajiail I JJk ^3^300^^ jjlftl .lit <Ljjj]l jjxj . ^xm2 

1 ^it Jj « Q Q1 4 jjh^ 4 J -^jV> <jj ^4 ^ ^LiSjVI — V 

9 . ji» jLS 6300 o^j^ 1 * * ,rt i 64 W* * c*\A^ '** c - 

<jjajJI <>«j ,jl ^Lc I jl . <_UjJa J^.Lj jmj jyii' k_j.*U.t.~u ^ hi fat i.u ixt — A 

<J ^3 1 jll jja^aill ^kjtj t.inAill JL4° ‘ 125 i ? it«Aill <£Sj <xil1 1 .65 


\A 



« . ^aVi jjUi 

CuL* Ijj . !ji <j jj j 50 jj-fj 1 >“>>** LfjjjJa j^l ■ .1.^11 ^ H *k I^UI — \ 
j&jAt jaj 1 « U L_jjJall I jjk <Ujm J^jl (jllni I \_ijiaJI jj-C. ^mu 0.8 *LjjjJI Ouu 

9- <^ljj jlc Jka^jl tlilj£j < 

4 <-4 Li / <Ljj j 3 Lajjjj <Jaj_Lxu <Juij3 Jaju jij£ 2.5 <ill£ «■ - - ^ — \ * 
j&yjt Jk ^~uj 5 ^ > Ijj (jj£j t.Anl'lf |>,i ii %ll jjJx. Aj^jJJ t(>ill CuL(J HIa-aII <„u..Ub >i I 

ch^jj i*-*- 4 * 3 Ol mu <jJutljj alj -fc T*t jl^5 4- 1 4 ~» t~>5 juoa Sj_£ — N N 
9. <$^JJ <J£Jf <i(U | all&j S ji jfs ,<k* ^1 , J4 jU! a^i . iuli 3 

<iUa!Luj f ilia *>t » |jui lj ijli II <LjL|j (jJa O La Ij^a ^Il. 5 6 ^jjJ ‘ >» ^ — NT 

9 • JLiijJI (3^*3 Ija «Jjj ^uuj 25 <IaLjua JauuI ^J| ^ < n^ll ju£ I jl . 40 

^Jc. I j| <_i_l^jYI <L^ f.'j <|jia j^j| , <^jli 4.2 (j-*j Uj i hi Jjjjj ~ \ V 

9 . <Ljli 3.7 <Ij jj j jj i At I Ja.Ij l_p-» Jjj i>l I J>U t jrf>a‘u Laic <j| 

AjJfti ^Jolil <aJoI1a LJ J£ju jjJc. ( Jji Jijjll (jA ^Ija, 9 OAk-aj — \ 1 
9 • <jjjjli (j*j Aa^jl <j^jjVI l ji Jjjjjll jjull Ijj . ^wul.2 

, O L» l^3k ,jjL£ 10 Jjft-LA 4jjjJa fj* 4j-'‘* A Jjja InjL I 1 1 A-»~i ‘t a ^>lj^ 5 CjIjj ~ N 0 
JjJ- (jlj LaIc ij-3b dj-H fijIjjVI J^a Ijj La Joa <t^jl jlj-iAl «WjJ 

9. ^501^1 


M 




MJSluJi qa\jL 

( Properties of static liquids ) 

: (Pressure of the liquid ) JiluJi Ja Sua ~\ / i 
J-c*j <11 dl.l£ jjfkj IjJ <iY Ljjac JjLuJI Jai. 

ijill bjjk Jj I - **! jljlc «^U«q|l Jjit JILt ( j 4 

J > «*i Lfjli mJojuJI *La^l ( j 4 ^1 ^jaVI L»i < (JjuJI j> j I (J ic 

,jj J 1 LJI <ju (jAjiil £*» ^pjtljjj I jj»j < 1 , 1 a ijk JiLJI dj>»J ^jlc. 

<j 4 j * - * I I Sj-i-l I jAj Ut <»ll ijlc. L.j j . .4 f . jjl >u)l jjj-lll JjI, tiJI Ja> tJ* .*. 
^jLwu I JiLuJI (i* (‘/it ^jLui^ i^LtJI yj» oL^ l tul l jjic ^LajIjII 

<6Ja^II ^jLtti 4 « Ini a <A,1 qIhhJI <JoAill ftJA iJlLkull jl 

: <jl tf I 

P = hpg (4-1) 

.iu-ijYl iajllaJI <L*x. g < <lila£ p tJjL-ull ^lijjl h 

: ( Pascal's law ) : Jl&ultf d«lpli “ T j £ 

Uitnkll jjli < U iai-i A jjj*G oVt i (j^ 'ULH^ 1-1^1^-" 0 - ® I fcK) 

.J 1 LJI *■!>*• (jJj J 2 «i 

jr>«i jLtii (jti mu B & A QuiljLul j >1 « 1 6 jlc LiJ I kjjk 
^ * * <j^ jj~~j *‘‘ ( \ - i ) |_|^ ■ " . j«at jiu^t <jljkitil J£ Ji_L , JjLui 

dj i ~n ijihiiii • JjVl tjn I F j ijL L_>S| Ijl . «_uljill fjlc. S 2 , S J djUilj Li iVI 
d 2 iiL^ Ji-uti ^1 *U LiU ^Oll o-^II ^ JSLJI^. Jci JldjliL- 


V\ 



= OjVi <j^i* jslji j * j&u 11 


(s 2 ,d 2 )[ 

P„ 


B ; l F 2 

r - 7 nA r /■ 

¥"' 

wmm 


t Fl 

A T 

>// IP///P//I^/, 




I (s-j , d^ ) 
F 1 


o - i J jC_i 

x SjSJI — JjVl I |^ic JjjJLl Jt itJI 


I 


Sj S l d l =F l d l = 


F 


V = 


( 4 - 2 ) 


yJk llA <jl .lit J,VI ou£l\ 4 jJk V 

; jjl JUt ^iloll I I ^jill JI I >I 

S 1 d l = s 2 d 2 = v 

JjVl (jMjill Lf ic. JjIjlII Ji-Jull jjjJu <Xj 4 aII ( _ f Jt <iUoJ I ?(JL Jj i Lil jj 


F, F, 

F-, d-, = S, d, = -^-V 

‘ ‘ St ‘ ‘ St 


P. =P* 


: ,jl \ (jj&ll u“^ ^ liLjAil (JlLuJI <ljaj LjjLduu* 

( 4 - 3 ) 

( 4 - 3 ), ( 4 - 2 ) ccsIjUII^ 

( 4 - 4 ) 

: 0 l iS* 

( 4 - 5 ) 


VT 



■ UUijJI Jjic I 11 ^ l I Cl>~> (JjLumII I .A Uj| P 2 , Pj I fc . !->■ 

• CtP^aJ £ ,k* y iJjLuJI U>iA J)l Qm IjU^j 

:( Archimedes' law ): Sifrti —Yjt 

<-! } ■ i n U* 1/^1 lU" u *I o* 4 £jU jl JjLlw ^1 

jl UK Ijj *«■* f < »> l I (jlK * Ij^u ^ m> ll t> ^lc ^ijll I jji ^ 3^3 ^ mi.> 1 I j_><» 2 j 

■ ^-imaII (jx j V UlII »jaJI <AJjJ ^jll JlLuJI JjjjJ CfjLuM £-iJI Ijjl tjl JA(J j2j . Lij^ 

< >1 \ £ * ^im i>H <j«* jj— *-»- l l »j-^JI ^> > = ^t^ll JjLJI (jj« = ^ijl : jjl {^1 

.JMilj * I lljl tJclii tlU UlyC(J i JiLuJI 

• 111 ^ij £xj^i < UUj I jj 4 li, « ^ i ii >11 (jLKj ( 1 = 4 lit * ) #L* JiUJI (jlK Ijj 

* * 

. ^ i n^l I ^>> ujjc (jc ^L- aj) 1 1 ^ IjJL I « UL I /‘t*> i Lj+1 1 ii > 

tjjjll I— ijJLjJ iJjljjuJIj ^1 m-ySU Cxfi^l (jljjVl (jjJ-LAJ » JX.H1 1 * AJk ^,,111*1111*1 

< ^ iii >11 ^ > > ^jUuuj « LU {j* ^>,> * I^J I ^ iii >11 (j jt ijru 4 > i ail 1 <jU ^ faw i>l 

> > Ci iii’i ^jk ^ i ii>ll ^> >1 c^jl i ii > * III {ja ^>> ; (jl jj 4 ^ i ii >l I ciliK Ljjx. i nj j 

.Sj^^jijjjt #ui <jiiK j)i jLixL < ^ i ii>ii 


: ( Hydrometers ) -1/1 

UjJ-ti <jV Lou-ixl jjilj 4 Jjlj-uJJ <JX.jill (jljjV l tjuLil jt+A jA jLfJ^JXfll 

<jx 4 3 -4 f (jx U_i i m i II £jill i^KjJu . oUjlLJI (^yol ■*-■ > Ij (jLJSU I ojjil u"Ui 
(JjUai ij£ Ijj < j!a 4 ( j&Ll&j oLi cLLuul c»> *i 4 ^ lf>il I a <I_|J y aII 
.(JjUJI <i(j^ jjic JjLuJI ^Jaxu Ci>~i jjxaJII X 43XjJI (JjJo i—Mjxy . Luilj 
x S p = jjljil JjUJI ^33 = JjUJI jij 

.JiLJI OIjK p 4 ^Joill ULuu S iti_i> 


vr 



(jl • <J JjLJI {iJ L^Lum < ijj ^jiu JjLJ I fjlc. jiL»t jjl Uj 

° 8 ^ w ~ x S p 


0.9 

1.0 

1.1 

----- 1.2 





c «- i ) jsS 


< jLLLlli {Jail I 4 *fc I hi d Oil i£J I jjl Ljj 

l jfcwltl a X JjLuJI OJ&i 

jAUoII »jjl gjjji jSujJ .JjLuJI <id I j . ..C 

jA L£ .5 jnil \* Ocjjll (jljjVl u ln\kl JjLJ I fjji 
(Y/ t j J ^ui I L (^ul I jLiaJLf jl^jjju+ll ,ji JUI 
J.^Tt 3 {Jail I 4 4 U~> 'i * 4 ■ j i j 3 !^* O* . 

c » ij— S o {- lA^j d ■ "1 jji < b^UCiL 
{-*AjJI J ||H lab {J ^1 JIJj < C jaUaj 

>tr lcl ^Jl 

{■US * O. i . .1 4 Jjlj .JjLJ I JAL jLJI 3 * >* ■ J . U jac #jjl JjJa h 3 I <jA^Aj 
( V - hS ) jJk <1» JJ- 4 AII {^ajl ^>i4jyJufll iJ Ei\ f^-aJ I jA V 3 K Ijl SjLJI 

.^Ijll JjLJI jLujj 

(V-hS)p = w= tjjj 

JiLJI 3>i jUI <> ^iUtll lJ JJI Jljjj 

, v w l t . 

h = y - Y - (4-6) 

3<* jAlUl «jJI jL AJkljll 4 jjIj jjjLi. V • S < W 3 * MS jjl L* 

4ju*Ajj JJjj OLjj gjjJj £* ji^uJUfJI _^jLjj .oIjSJ I Mjli* {_4 UjjJa ^imlm 3 LJI 


: ( Balance of floating bodies )<L£lkl! f Im^SM £)lj2l - ® j i 
: La t£-o* jjjL o»i lijl4 i lSJ J1L. ,« t i ^1 jilu Lajc 


VI 



, w ^ ■«-H Jjfi jAuj 3JLL (ji ^jiil »i 1 a Jiuil <Hj : Vjl 

(j-i < F j_iUI >£>*j t j* ^ ^ .Afti tr^-* lP! E* J '■ 

. c »jii jiun ja j*>. e 1 ^ 1 


F^>iLll j$>*6^ I j| jSL«** ojljS <Jl^ <ji f— Cx£i 
£ Ijjjl y.tj mi iJI^j «ji*i iii < ^it ,jlj2VI (jjL I j] L«] . w ^ i > t^ l ) Jfc 

J£A jJiil ) oJLfi <l » L m J t yy fttt % ll (jljjj <^1J i£A$i Ji-jJI O* 

I , (v-t) 



<iL«< <> J>LII jJiL. .f — 2 UjjiUL-* < 1 * Jl >^A^j#UI ^ 


1 0.95 JjLm ^ I jl 

: J 

^yk jj-uULI #jaJI ^ + V £liSitfl f^awa. = Cx&i ij* 

nr 2 / jLJI 


.jj^ill f^aJI X ,UI UIS = c r>il #UI ouj 
j^I X JLLJI <it5£ = ^1^11 J1LJI Cu j Cx£i JSl-JI Vi* ^ 

0.95 ( V + n r 2 i ' ) = 


Vo 


.JjLuJI jjaaII ej^JI Jjia Jjk (/ I — l_t 
.^IjJll JjIuJI LjjLifc* ^ m^ ll (jjj (jj&J i U>*Li {j* 
f m% ll < j J t = ^Ijll »U! < * 1 j l = ^Ijll JiLwJI (jjj (jl (j\ 

V + Tir 2 / = 0.95 (V + 7i r 2 /) 

5 + 3.14 ( 0.25 ) 2 X 2 = 0.95 ( 5 + 3.14 )( 0.25 ) 2 / x 

/ x = 3.45 cm 

: Surface tension 

■lie. JjLuJ I oLaajju £>u «wijl ^ illj illml i> " i l l ( fyt t jfc I fm ill jji-JI S W>Ua l A u 

Lkjjo. I * j y'' I I jl . JjLkwII Jiulj jjj l+l + %Lii <La«Ia (4:1 i^gi .^iaudhJf 

{y* <j <Jcuuaul I oLuj^JI £_a >_i jl ~>1 1 j_uij C»* Lfcilj ( j^ a <jL* iJjLuJI ^jJaL u* 

JaC. .^.a^jJLI Lai . Ij i in ££jjJI &jjk i !»<■> *a a tilljjj <0 

I ^jill a JJb ?!■>*-. a , Li i i *1 -h*i jjlll olaajoJI ^-ij-3^ (£>i jjj'G C>~a~» £JLi <jL» 
~ L . ..I | ■ .»■•■» Ijj^j iJjLJI Jaulj jjJj q I n 1 11 I I jic CiLi^JI ^lc Jai^j (J>tnl 

Jjul J <£.ytJetyjx Oal^ jl La£ JjLwJI ol,jJaJ jj2u J-aJU Lu ‘j*! »^W( ^J| Lailj 

j-ulj c»* Lfcll j ^jj Su JjLJI ^vJ AiM ( jic. Ja^. . JaLLlI />a 4 t „\ . u m a L« tu C 
^ylc ajU^ll i^ilL ^ >UuJI uJjAjj ■ ULaJil yUjLuoJuy IjljJLa qCjjL ul* 
_H-» / o\yJA {J Jk ^ raLm ll JH>I1I Cilo^jj . JjLuJI £-Luu J^Joa. jj-a Joo. ^j-a JljJnVl 

. (MT- 2 ) 

» **\j < 4 *1*^ J5.t, ^Ja Lw.l.a a I£1 m j i j ~>‘i I jla r ^ -a In mil j^^Jill ^ % -t )i 4 In V a 
Jjl~a a ijA JI..JI j.aJU Li 1 k *i f 1 . ^ 1 — f J +.11 yi La^ 1 , it ia ir>_tL ja <aa 
4 (_g I L t -al I <ia. lalai I I j Jj^aLuaJ I J^a e l. mf < 5 1» 4 <«Jjj Jjjj Luo 

Ljjall (^^»l+ll JSLmll JLoJI yjl j^,G Lfjl .Uj Jail <xoJI Jiulj a l.mill I La |j| La! 

■ J^4jl <jjjIj d)j] IfLoai Joajjl aljol ^Jc L^^afc J$i ^ -a Inmll j^>jll (jV lilljj f ^ J<.^.l f> 



: J aJI 



i 

mg 

LU>' — 

(o-i) js2 

•( o - i J£**> ) ij* mI J\ mg SjiJI l jj&* ul>*^ t*A» 


vv 


jic 



ujSJi • JS 6* ®tr* * * *H _h>^I c*itS Ijl 

oj A> j > 2 jxjJI jjJ jLLVI J>U jji 4 < t i j -> • 2c 4 AJ Jk jLUVI 

^LL...<I « LmJJI 

m g = 2 o / (4-7) 

0.38 x 980 = 2 o x 7 

.{*ji / o — 26.6 Jj l-* *11 J1 j^ill <*iiSj 

.jl*/ 0.0266 : <^1 

^jljj — V / £ 

( Capillarity and contact angle ) 

. <lj^uVl Jll<t JjLJI £UjjI Jk^li JjLm Luutlj ^iil lij^i Ijl 
jlui L*£^j .JjLJI ^^aJLui i 1*1 aJL SjAUaII liA 

I jm ^ JjIj-uJI ^ j • ^ jc JujJI j iMjjil^iJjLJI ^lijjl jljijl L»K 

. I^jU qIiuoII 4uuIL «_ujliVl Jllj Jxijll glu« jl i jlwll 

^ im^II CtLuja^) JjLuJI o(±>jak Cj^f uJIm jji ia^j o.ilio qIu» JlLu ^OIj iit 

»li^j l jij JjLiuj jlfe 5tlo* .(JjLuJI ollajA vytjl,^ “Jl ( jlfc%jftLc «_>l mil 
.(*\— t) JSJu ^icul . jljj^ [juiUI JILmJI qI*-" ^(i!jl jaImj «> t>L*> 



(n-t)jSS 


VA 



La >u4^Lll In ml I ll uLiiji . Jjujil ji J^lj JjLuu ijc. Lul Jil^uJI atJ cU^J 
Jjl\ cit JJ-iJ JiijJI oLij^ {£t yjLaJill gf i (fJ cll,^) < #lcj)l ^ fcljl m A ^La.jJJ 

jlll ^j^Vl JaI^mII £j- * <11^11 i 4 )Iaj l-LAj i^Lajll ciLijd\) ciLijAll tji C£i 

JaI mil oUj^a ££4 *_»jLaJlll if % A jt (j l_j. L aJ I ^4 Jj l n jl oLtj^ ojl .v i Lf_i * Jj^i 


^Ix^jll jljua^) ^U^Lill ilkij jic (JiLduJI Q LniJ juLaII * H «<* >tl 6 <jjljll 
<.11 al tjjJLlll #Ulj <1L» ^ Iji. <4* ^jLu4j (juA^Llll <_ijju < JjLmJI J^la 

. ^ L>jl I ^Jt # LL I j i Vm 

l~» * JajjII <1L^ ^jk d) j jjt jj jj 1 «'ui 90 ij-» Jit Jjlj^-JI ^ j a ^ I <jjlj 

. ( V — i J£j* ) ^la>^)l £-» 4ntjlj ale. 140 


0 = 0 


<-\ 4 S^JxS 


0< 90 0>9O 

A— n 

4u t-* 9 



tV-DjC-S : 4i» jliai -A/i 

A JaLmJI j >u*m jjt La] . Bj^t JjLum ^ l n<« laf Jc A JjLui ^ SjJ*a L * -i A j I j] 

<441 ae Jlxi jjJc AjJaill cl m l a T i (jt LaIj .# lllj Cujll £A JLJI ^A La$ B jjA 


.( A - t BJlLJI^ j£j3 AJSLJI 



v^ 


ijt Vnttt >|j <x m Lii Jl ««tll > jk 3 f> <1 1 O3, O2 1 O] (ji jAjju 

(b jJc B,A £gJjLu)l A JlLiil B JSLjJI £jJj U111II j5_frjJI 

tLajl ji O j 4jill Cul^ Lt IjJ < B (JjLuJI jL j itiVn A JILuJI tjLl ^iA l m 
| j| ajL^II jj$Ij I >'mi .^,..<MI »L > ~iVI ji Oj , ( 3 2 -II 

• til) j (jt&c A»it^ 

(5 fr ill ( ^ — i ) J£Ju L£ £La»j)l£ o>l«a |>Iiiiii ( _|Jc AjJaaII ^.i^j Jj£. L»l 

* Lh^I* l£$J ‘ ( ^^Lt . J l j^>lll (^ji J1 a3 O 3 , (Jo * Gj 

.CuK I3l<jjl* jjjij X ^ fr ill * 1 a jjjLj <iaii jjli < I ^lc ^Lujllj JjLuJI 



tJlj Lf Jcj .^(A.jllj JIlLJI (,>^4^^111 <^frlj ^ 0 


Go 

ji j:l*aJ] ^1 -i, 90 * a-* Jsi 0 u'j c$t <**>• cos 0 a, > a, oil* I jji 
u* ulM i>^jlf ® ^ijljll o& tr* ^ lU" 

.jJa-JI 


A. 



: AaaJtuJl AiUaJlj ^aJauJl jjjoll iS^WI -^/t 

( Relation between surface tension and surface energy ) 

(j I i *i | \ • - i J A ji Li ABCD jLUV I J»lj JjLu #Lix I 

jjSij JjLJI ^JomJI 3^^ G jli I jl . iilj »*n (ji <1 (ji «j jUaV 1 3* AB All 

» I i*t*ll Li j u >^a^l <jin*i 2 jiuJIj 2 gL L <|A) AB ^L^II ^Jc kj^yJLI I 


. LO ijL |tku Ji 



j^Jill jjjG .Li a x LL it* AB ^LAll iLjl Li l 

2 L O x Jjjjll J&uJI 
dS #UUll <^Lu jitjLjll 2Lxjjil 
L< i • ^ * ^aJLuJI I ^yt G . dS Ljjl im J » mJ I d l Ju (jji 

JiJ JJutJI Lu ^ - fcU.nl I I oLjjlj (ji«j t^Djuij .oLJLaJI <^l ■■«• (ji SjLjll 

. kja^JI lijji » Lt Jjl LLu ji !jLj 


AN 



: (r-t) Jlti 

f+H 1 La jJLu ijjjLa ^Ui ^ifcLuJt ^5jill «\ J^j^LI J» <tJI jIjul* 

. Ij 25 U»iJI ^Jc I j] 

: J aJt 

jii* — q>jL«JI <filul >UlVI <kLu 

2 x 4 7U R‘= jju < c.llil >1^111 gUiiJI 4ifclm> 

= 2 x 4 it ( 0.5 ) 2 = 2 n cm 2 
.<^LJJ ijk ftjLjll X L..JI j^pJI — J» JfcuJI 

= 25 x 2 k = 127 ergs 


: (t-t) JO, 

jki oljlil ij1\ ^ui 0*5 (-AjiaJl > Lrt'l #Lll t *>1 ^j^UI JjLJuII 

tjjl j 70 — » U1 Iruull 1 l>» J£ 

: JaJt 

(4/ 3 ) k R- = *>211^ 

I JJU S >211 ^ / i > 211 »VI : ol >211 JJC 

(4/ 3 ) ft (0.5 ) 3 _ 125 

(4/3)11(0.1 ) 3 

125 X 4 ft r 2 = d>illU4lllUUll 

= 125 X 4 Jt ( 0. 1 ) 2 
(5 k-4k (0.5 ) 2 ) = i^LJLI > S jLj>1I 

4k = 

J4>l X Sjjljll I mil = J^iill JjLmil 


= 4k x 70 
= 879 ergs . 


AY 



: jjjoil C##u — > • /i 

( Determination of the surface tension using a capillary tube ) 

JiLJI (jt-A P dilj£ JlLui ( jA 1' LkjJai > IojJum <^4j1 C^j-ac. IjJ 

jJai > iirt’i .t «"> »jj j_>-V JjLi {ja » h 4)'~>4 jljJLw ( ) 4£££jVl 

.<jj«iiJI 

5j_i J&j .<^-u)l\ £ L*jj JjL_uJI lju ijjlj ^ 0 

uj^b • *4>^Vl j!a»o Jii— II <1& ^ u-» J£ 

yfl CflAA <jquVI ^4 6 iylj J«>j Iful ^g\ ^Jci jjJj JiLJI ^ ki iJ ^-Ull tlajl 
6 1^4 1 JtX|j O COS 6 LaJklj^l : jlLS^i l^J SjjUl tii , | N N — £ ) J^it 

1 1 ■ c sin 0 oLj^jII <J 4Jm^Uu . i^_>Lr [g>\y*£. *L»jI ^ji o sin 6 lj 

. jljill ^ *LsJVI ^jA LajLuoIJ 



ow>js£ 

2 7C r o cos 0 


AT 



<^jVl J^lj j jll JjLJI 45* c jjjj i^>ill * jjk <j>M3 

jcrh p g 


c* 1 


G = 


rhp g 

2 cos 0 


(4-9) 


0—0 ^latjll £_« ^^*^111 jj p — 1 <ilj£ll (jj^ * Bl fjij 

: o*l tffl 

o = ^-y^- N / m. (4-10) 

ij-ai Ixuulj <jjaJu1I <$yu)i I Culu t * Lii ^ *> lf>< ill I _^jlll tjuLit f- IjaJ jlfij 

jJaS t .ji^t'i ^LUj . .III ^Lijjl ^lijj < eUl ijA ^la mil IfjjJa jjij 

pj !^j I'll qm( i n*fc o o“ <|jJa Jjijl I (j. llojjxi J^.n 1 

m = jcr 2 Lx 13.6 

1* .La^i UjLJI <1 jIjlL I 1 3.6 JjajjJI «jur>. 


r = V ni/jc Lx 13.6 (4-11) 

^ l all L. ,.il « .a (4-10) <JjUII ^lj7>~n.iL(j 

: £jkuJl JsuuiaJI -) ) / 1 

Pressure difference on curved surfaces of liquids and films 
<£^IaJI jlauVj . (Jikloll Iji <1* jj£I <5ji JfJOrfJl o^ I ij (JjL-J lr> « III I j»jl> 

oA>-*4) i^vLumJI (j. ABCD IjJua I. j 1 ~ * ^Ja^ull # llaJ Ij JaXoaol I yi SjLijjl |^U 

iiiirti I i > ’>_ii CD * 1 1 rfc 1 1 till j&y R j AB tliatjl ^ioJ ■ * ■ -~ * jjl <*L*JI <ULcJI 

.( NX - 1 ) JLA i R 2 jJk AD, 

*jaJI I XJk <^lj| iJUj P jl.ti.t >Lt I <_uLaJI jlj ji JojuAll jjl 

•dR Lfi j«jl yJI <045-4*11 <iLJ.I A 1 B / C 1 D^ ^Ajll ^1, 


A1 




A_V Li t l r > “n <t j 3 JL -* ^ I jl.tl f L 

J » I ~ t _i (j i ^—iLLxl I * Li 

ftjljjJI £_• ^ In i nil JjXaII Jj.‘t jl I 

.LbLuJI <iUaj I 

X Ij LI I = W J>L_lLI Jft .nil 

<a.LJLI X iaJLi^ll - ftjiJ I 

/. w = P x ABCD x DR 

(Jf ^ LnJ <^LJU ftjlijll 

dS = A X B X C X D X - ABCD 

ij^ • "II * • “ *’* * 

A x B x AB 


R, + dR 


\ r >\ 


B'C 


R. + dR 


R i 

BC 

R, 


A X B X C X D X = AB ( l + 


dR ) x BC(1+-^- ) 


R 


R-> 


dS = dR(-^-+ -^) ABCD 


R, 


R, 


ABCD ( 1 + — + — ) 

R, R t 

LjDI <^jdll l^jV dR" LLu»(j 

<a»lii nil ftjltjll 

(4-12) 


ft jLjJ I <& a i oL.LJ.1 ftJ^j ( ji <Illn]l <j(j jjvLJI I i_ijju jj-4 i j$J 

: ,jl (_jl . JjJull itj I — ^ j *> In I nl I <SUall ( ji 

P ( ABCD ) dR = odR (-J- + -J-) ABCD 


R 


R, 


Ao 



p 


) 


Cul^ Ijj Ltl < j>ift Jtli ti^lj d . . .. ".IK j^yLail I JUk LMj p 

.<JjULI 6 { jjk (jnuOtiil iylj 

p = ° ( 4 - + 4 - ) cos 0 (4-13) 

K, K 2 

:<^VI^UIoVUI^VI jf*4j 
: j 'l <& -> #L» (JaJj CMJ^i <clii ill*. J5* Lj£ lj| 


R — R j — R 0 

icl**ll j Lt irf>tl 

P = 2o/R (4-14) 

<&lli <1 Ui Lijilfil Ijj Ltl . Liii JUklj |ikuJ (iiii'JL ,‘iw ljjl lx* (jl Jo*^l^j 

, .Vi .l*ir ,j v illi I jxrtjj La»jl*. Li*lj IjaJj l|J Jjli ili* 


P = 4 a / R (4-15) 


: ^kkutll jjjSII / 1 




jieJI JJj jju ^ L» wJI Jil ^4 *u^iJI jjc. <Lc.ULi tlj^JI J^ * ** 
<i^x*idl^jM jX^jUl <c.Uj]l Jib Li < All jji SjLjJI >,*11.1^ ^LS^j 2 R ( j5L|j 

(^LM^^i^illl fjtjl ^ JjLJI ^jji «*4 Cju h ,j yUl 

P *= h p g 

.4;ul jVl CujLaJI <J^fe g < jl^iUI JiLui <ilj£ p 
O = P R / 4 j^aJaujJI jUjlJI (4-15) <bUll 

: (o-l) Jti. 

10 UjLl v Lai LUi Jib Li >lll jljLi Ja^)1 

9 • Ij 30ji J>la»*lJ ( j ^Liiill _H>lll (jL Id*. ^jiUI 

: a— iJt 

: jJk <c.Uill Jib LitAll fji SuljjJI 

p = 4a / R = 4x 30/ 10 
= 12 dynes / cm 2 

. 3* lull Jib Jdulll ^ iuLyJI + ^Jl JaJL^JI = feliill Jib JuuU! 

X ^'klniljl J^jull = <a>( lull !jjk SjLjll x ^ Li I III I <ilL = <Lliill Jjiill Ji Mil I 

.JUliill |iL»i<Hni« >.Lii 

= 2 x 4 7t r 2 a 

= 2 x 4 k x 100 x 30 = 24 k x 10 3 ergs 

: (VI) JO. 

(J it jji 1 ^»2 U^>Li <^-i >L ^-»x 

<43_«jVl ji (j^LuJI Jjl~fc « ^Uijl x^jl < ^w2 LJttl ItLii j_lVI iJ jLII 

1 JjLfcJI j >1 f I 25 ul>^LwoJI ^^LmJI j3>Ill cAf 1' «l* 

^ .6 ^ ^mi pljbiljJ jiio 


AV 



: JjJ) 

Ini .All jjlj P ji i til I JjLuJI j« il 1 |iLuJI (jjj ini »All JjI ^njii 

Oj-SL-. ( M - £ ) JJS-^s. R, 

h jIj P JjLuJI P a j\S Ijl P -P, = 2o/R, 



h = 0.4 cm 


: (V-t) JO. 

1 1| j fj i Xa,I jki U J£-4) ^jJfc *L» £j-*J 

f L*il ^aJo-i-JI jjU LaIc. < ,ji #UI jJbujj jd 'Ihi • (ju jjj ill Aa,jl . ^>1 

^ .fuut / jjlj70 


: J-aJI 

Qtcj^il 'ji iJjl.iitH J ii n I £gJ*i-iAll jjij i P (£>aJI JojLiJJI jj| 

( No - 1 ) J^iJu .R^ , Rj uiujlil A,B 


AA 






J— aJI{J » +JI tr »jLa, U« . A ll Cj*~i Jj_ill 

*■ >»a'i J£*i J—^Lj ^ jJlj A <^juV I ^jk J*l -11 

jA*j$ 

P - P, = 2o/R, 

P - P 2 = 2 o/R 2 

^>1L 

P, - P 2 = ( 2(5/ R, ) - ( 2o/R, ) 


P, - P 2 = h p g 
p = 1 Ujj- JiLJI<ilSp 


a* 


o^JJ 


2 x 70 2 x 70 

0.05 ’ 0.5 

h = 2.6 cm 


h x 1 x 980 


: (A-t) JHa 

^tJoudU lit i nil l_4JkLtjJa < li 1 1 ulj In irfij ^La»jJI t>uLjl>2* 

Xa^jLi X OLJII Cul£ I jl . (5 ^ In n J I • J 7 I— (^jil (JjLuJI 

9 ,JjLJI <JI Jum ^jil £USjVI 

: J *11 

SjJ 2L JjLwJIj c£i*>UI (ju^Lill Ja^. J>Ja Cxfii L Jjia Jj I j-JU 

Cclxjjl (JjLxJ I 4j*C A!** £■* *xt < (jj I J 2 L CT^tfclnmll 

x.L oUL 


2Lo = xLhpg 


A5 



h 


JjLJI <ili£ p 

: jJk igj^UI Ou JjLJI ^UjjI Jljj Cxj^i} 

2 a 


x P g 


AS j*l\ 4JLk ^5 JjIj-uJ! 
( Liquids in motion ) 


jIuqjV! l^M-XT/t 

j_a.I JjISLa ^ij (jCia jj I | l-^l » ijA SjUI CjLu^a. jl oljj JLJLiil jJk jl iiiViVI 

jl.tiWI <> oLjVj . 5 a Li) <JLj^JI L-uJJI «JL«u£) JJJJI jLalWI SjjblLJj 

jllr>».i jAi < CjjJhaJlj irf»JLS> (jjjJi (j-® £g^j) j I A t 4 \ Itrfl II aljll u* 

jjt . . A M | oljJ .A ^ t ^^1 JSU ^L a JJ aj * l^a»lj jkJ < 6 JL £guL^£LLa 


ijl\ J-ucu a ~8 ciLaLuu_a ^Jl < iwi-Aall I > <~>^J I o Iji Jla I ^ji ol» I •*> 


, LjLililj I aj I ft J£ Ci IjJ J 


l^b-> OJJJ 


- u, 


tljLuL 


JiLui <JaAi ^ i/>jj di j JViuuVI ^ ft j % i J^uil jl niiiVli JtljJ I ^JL ^jA La | 

jJilil XA ^'JJI jjl J^j « oljljlAl <j| tiila^J /jjJ *L<j j_uJ£ » Li I — >li* jJA — (j^L 




jj jLfjJI . (jULdf oljUJI ji oLjj^JI oLjVj 

p li] (Jil J »j >A(I ^ "J <^*V <.*u.lfc ^Ltl £juuojd» pj_.ua jJ_uo_* . ( \*\ — 1 ^ J£ju 
l^l j> jlu jjaj « ^LLi_iiLa. jllaJLi <j ^La^j 

Jd>l“ tr* Si) Jt-?-* 1 / < > i * J»i£ 

jJ_ua1.I fjA jjLupJIj < pj i All ^ I. .«. i tJ 3 >pi a tjlj^h (jl <JljV JjLpL* <j pljl -j 

• pUy I (J^lj cljall cJjIjp SjljaJI tii ■ ■ ■- •■"'^ 

«lLC^j < l+J ^jJUiai i t in >.» jJ. LjjuJu jjli j) L£ w « jS oXI (ji • -"■ - JaiLlI jfiaJ 

4 *y _>~i‘i j | Ul i i jjjjJI 3 jlJJJI (jLlall ctljji Jj *> Ti ^1 * lj_|JI oLija 

lilLylil iallil 4 i!if j J^Jy I^Jc ^jLkAill 


: ( Coefficient of Diffusion ) juavi j-u-_u/i 

I j **■ < (jM—a p(jjai j^£jl Ca*jJ <i^ljj > tfi ;a~i La lUuj Luol Jjl (_>A j_ii 

lii &;■•** < ^tjill Lajp L*LjJ(j Uiijll <J^lj oLJ1.L.-v^J 


pl^Vl C«lj pljAtVl < l|_l£ JA, jjjJo £jC oLijj-aJI j 

. <iLuJll (jpailil *lajl vJj*fc"> oljujaJI (jl JiV I 

. oLuIjaVI jSj-» < jt x <iLuu jjuijj jLiliVI *Lajl ( _ f Jc dS <a.Lut* jJci 

: 2luVI J^»IjjJI ( ^ic <aL Jl 6 jji ji»a ^Illdm SjUI <1j£ ua^ju 

6 jUI <ajJ u-ij-Jj < <a1i« 1 1 ^Lo. jjJc C jJkjJI » 1 ^1. 1 a I — \ 

(jldA-JJ CjjlLij ole. jjk jiil u£J j>iil yA*^) • fjauJI ijJuUI 

. JilL jl <iLJI <iuii!L ji (jaaIII J j )u u jl iViiVI 6 Ull 1 

(dC/dx) 

.SjUI tfbU. jJiiS ^311 <o.LJI jlJu - X 
Fick Jji Otujj^oll JjVl jl i* *>WI (jjjLi Jljj (^^dt jUauVI II* o-*j ~ ^ 



Sju*a1I 

— = - K . • dS (4-16) 

dt dx 7 

j_i I l jM Lilj jLiliVI jjV < <JLu SjLlL| >\y^3 liA 
J^Udll I jjk * - ■ * fj\ i i jl laiiVI K ojLiJI i— . Sail I 

La| .SjLII »jjk <BLk j 1 1~> w (_^jjl Ja-m_j]l JlaS, < SjLLlill Sail I 
S ytlLJI c» 4 jI j l jjLJ I Ui i(_^JI 5aUI ^tyiA.V 4 ■% 1 1 1 jliiliiiVI I jl 

>c/ :lall jLiiiVL 

: p tail Jb JtL jIuujI J4U a jj^JU — ^ 0/ £ 



B 1 1» > 1 1 jljAai (jji i—i j ii 1 A,B,C ^LuJl <j^lal J^lall ^ J n> a O^Llaluu 

_)^Li j> 1 «it Jol* B f ...til 1 4^jIAJI <iLa. <jc. ^Lii tfjhm { jk 

\r 



. *111 ^jk La .LV.I £mju jljil ^^UVl £y* k±i2L ^Jc. * D 

*UL < dill bLttj , (J ilJI *111 f jLjj Jj-i . jj ^jLa— »_Mij HE ^jLL^jjl L^i 

J&j-a ^1a (Jjl ^,« D m i t il /' | l~u • B jkju a] I JjljXfti iiLfc. ^y» }L±i* ijlc I ^_gj A I II * Jjjj 

• L) *>?JI ,ji £-U.I «j^>^ 

(J Jc.| ^JJ U I II ij jLiliVI jj ‘ <xlaJI jj*» B *^ajl *L* u& £tlll (Jjl-fc A jl ltlV.1 ljx* 

J£ JjL Vjl <_>v mj « 111 (j-» jLu Xa^jA ^I _1 -fc t *j^]l 11 a <jUd Jirtj 

. <a>ifc11 ^jLSJLI Ijla ^1 oLboj ^1 <*skJll * all I 

J£ i ..nt in La ale ^LL ^ll I * jljiluuVI <ILa Jja^JI <ul£ ix« jlf^J I aljij 
4 L» ■ ■• (jj (juuA fji <^j1*_a «f, <aL*.i M ) ^jicl 1 tiiiilj Oj itilj I I * jUll 

.*UI jLu 


l^ya <L£JI 4_kjHII itiill JjJLA jLauV l Jiiliil'k jljiA 4j£ (jd 4_ll*vl I J^l* (J 

^ £y» Xjk-M* X L^tc jji i 1 ialll <ll£ jimi 11 a < *Cfcj » ^1 1 




dm 

"dt" 


K 


■ ( 4-16 ) <aL* 


dS 


dC 

dx 


jj- I » A » ■*!! I B tj^JI ^ In A A CstLwtA (jAj dS (juljil j Hull VI (Jiu^-fc > 


fju Laj <aaj * l_>akL c’iJjj i H jl-fc) I £ La (jc £ liljV ! I J a«. * 


,^'V jL-liVI ^juLili . 1 1 a. * i . ..1 1 djj_aJLI jo5)j] £_a n «^uJI jLulil JiLu j ^ i > 1 j a 
4 a h a. 1 1 oLc LijjV I (J Jc jl . ,.<WI J^Ljua jaJu ^lij ^li ( dn / dC ) ti lc Jirt>’t aill(j 

. (dn / dx) ^ c. < dill B *j^JI Jikla 


x ^UjjVI £-» j£jl\ j jju Jjj«-o ^Jc Jinii jjjlaill « i »miiu 


dC 

dx 


(dn /dx ) / (dn /dC ) 


.K jluuVI JaIaa J*A»j i.*l I* <]jliu ^ ( _|AjJAAJLu 



: U-iltj <J5li j USSVt -U/i 

( Diffusion and osmotic pressure ) 


ijAlkll * jjk oLa>jJa S jlLi > I 4 jitir.V I J^Li JjljuJf Jt Vi* 

* L* ji UjA^) i*jLu ijll* jhA~fc*i Sj^UbII tii ■ (^j^ uuVl jLLuVL 

. I 4 I 4 J>^£JI ^ I V 3> (jj j Ifoij *UI Jjijl J> ill ^ AiAII <j(HI jjl JakJ < jjii 


. I4I4 »UI ^pj fclill uli <ilill Jib .HI oK lj] 

uijju |^UL4 Jj jU lijjl Ijj » 1-htk.iJ i JjLi *UI JLtJul ^1* j^«i 

* Lt iJLj 1 ^ > >jJa Xfel <IU • j 1 A *>‘i iajLtill I JJk . (yjj «ii«Vl Lw> .All 

Lfjjia ili_> r> 1 j t yi <4 i-uV I OjHj « I | li I Jj i . jUu t.iuti 

< mi ji JliLwJI jbjjl SjJLi jju . jii »L #LwJjl 
<ixiili)l iftfciill SjLjllj % > 1 11V I JrJi fcA]l mil bdicj ■ . LtiAll J^li .III JUujl 

p liiii *>i h p ji lr>* Al I (‘itSiji jljjl « h <iLm« Jjl Kill ^*c ^IaSjI 



^f'n<i 1 ..V I JoJuatl l «j>f »1 «aA 1I J^Li . III (j* V -h Jill JjiJil J * irfSil I 

4 flllnl I 4^jij jjlju < jLill JrA >A J*‘ * tC \>fl »iV I JaLtAlIj PV ^jl 1 iijP Jjlmll 

. LjjJa l^u uuiti^j 


M 



: ( Vanthoff's law ) dkjk Qjjli — ^V/t 

JU~>jV < jxXt > Jjl-hl (fjj «mVl Ini «iAll ^jl <jja 21L <-4>* Culi J-3^J 

^ fjtti j Ji itfcjj , v ljJLI Ci ijuiu (j-ft ^klj jLc Ui in I ut I VyMjll 

: <uVI Ajj*aII Ij i ALj pw liJI <j(j& . J^LJLI 

PV = _m (4-17) 

T M 

‘V I all <il£ m < « i »V I <LLi 1 P « JjlaJLI -»■ V '*“«■ 

.CuIj F i<illnll AjIj^JI X iwliUll 


: iaaJiSl 0 ^*j — ^A/l 

jl >11 (j-* A O* ^ ~ ^ jl+^l ^ A . V*H“ » 

■ . a jLftj > i<^> i Lf-ftl.mft J ■ Vi ^£1 i X-L^uLkJI JuAaJI Juila<uj SjLft L|_aI hi,> 
C Jj^yln (jc jl >1 i*kV I 0*k*> JjlaJL Sl-AJ 6 jii HU >i Cllf <jljlrnnVI 



c m 


■ E,D A ijiJt 



B 


m-o j£S 

. <a>jj^ <Li^jj f O I »* ■ ■ 1 ft nt E OjijV I JiL 

gJjdJ (jlc. «< -hifUJi J j hi iIllaj ( L-^j_ft_c yjjJ.1 ji ) .IlL A <*>^1 JLu 


I <XA (J lc. ^JLft t_>ljll ijjirft 1 1 A I ^Lu*ft *111 jaj . D 

lr>i ..All Ijjl ^jjl m*u I ftJtr , B <-*j_ijVl C < ~ft .~> ii I jjjJo ^yfc J-t-A I ni ■ < ■ » 


. (-r LftVl D i^uVl l ji *111 |ikui Jkl Jb^iaIL 


^iSii clnUi ^jWI — ^/ 1 

A AAIaC-I £jl« ^A 

( Brownian motion ) 


A jjA Cjj, i u a J_ij £jL» J^lj i^ya^yj* Cil >1 * a Aj «.'uu« -lo^V 

oLu^^ jl (j/ui jJI tjLil 4 £j^JI CijJai juLitl 4 <t iiiL CJjt jjll AjJkUail 

oUkll JiL-JI ^.jLduAjj l Aj'it.l . oL*LajVI i jj 4_ajIj ajLa 

. <ii l jj jJI <laklii 

JJC l >V o-“jH> • ix* l£L“* o i 

iJJaJ J) I jj IjSV I Jaj-m f jiluu II v ^jJl L» <1 &aJ V , ( V + d V ) Ctlcjrf-w LfJ jll I 

j ‘»“V IIj(j Jitll Ijjk 

AJa^ll 4 • Ui« <rkl>u> £j(JJ i^yt l^j^c. jnt'i 
• ( X • — 1 J£-ili j 4 LinjV I 4_u jL^J I j-jjIj CkM 
■ <JL(j <Lklj ijlj-aJI 4_a-jJ jj! 

A JcLj jjc olxtl Ij5kj_* jajij 

<iL*fc* Saxliil Jjfc JJU^J dx Am £j(ll 
Uiiall *jjk i^Lui JaXball Cut jjl (_jJ» jj^j X 

. P - dp , P jjk 


0 


x+dx 


.• 't • * 



P_dP 
P 


lcm2 
o - t) 

(Jj I J r> m il ylc Ua jAII JJ-* £-• 4 * jlrJI A jjA jj oLljj-^JI (jjj (jj JL 

d P (4-18) 

.JjIuJI <iC£ i jik p tlu 


(P-dp)-P = dxpg = 


PV = RT 


At 


(4-19) 



U-* * N jxfc jUII >1*^15 jjk R — 

ultfl • k (jLji^ 

P = y kT = n kT (4-20) 

N 

• ^itll jUJI iii^y fji JJ£- = n = *^r— ■*»>«- 


dp = kT dn 


(4-21) 

(4-21) j (4-18) Cw 

- kT dn = dx p g 


•'co^l ^ tr* mdu^p = mn.»il5£ll t j£l 
- k T dn = mg n dx 



: ^ic J« d»v > JatSuJl 

n = n 0 e' m8 * ,kT (4-22) 

^Ul jl J5UJI {yk ^ j.ti -k ll i oLl»j_aJI ^jjjj <1 jL* 1I ftjm ^ L«*> 

CtiL^kil JJfi £dt Ljjit umIIij JaAMtll L^j i^kjVl *■ £y» X CilftliijVI 

£ LiljVI JtLiil j j j 1*1 <JjL«_« oll^ dJji | 4-20 ) ^^11 

P = P 0 exp ( - -2S- ) (4-23) 

jLaIaL ijitjll I ^lm» jjc ^jaJI * I^JI k ki i _>JAJ ^niLill I JJI ^Luijj 

.T ijl^aJI <a.jJ C oj5 

! OH* 11 OiJ* Vj'* 1 -Y • /i 

jbl jjlj « LjjjJC ^ >11 l jui* HjLujaJ Lj l iji . Vjl-h m ot>a -J *^~ fc ~ > ‘“I 
j^I 4 | .1 1 1 Otkjj>aJI ■-• ^1* < <^jia Silt SjjlL SjJj 





tjjiu Sjkill (jl jaJLtlj <£>■* JiLifc LfJI ( ^IaJII » j-aJI 3-» SjJai 

0.1 JiL« jj-» l^>AC 

^Liijl ^glc. < LU ,> <A>LdU4 (Ji-uU Jjlll < <il*ll CillujjaJI JJ& jlajj U~l ml 

. >— I i JLa_* ji £j-*j vjfi jJail L tiillj «(JjLmJI ^ym 3* ijM-» 

I JJLC j£JU jLjJ 3* < 4 ~I .L ■ rt i J ^i.ij Jl (f jl mil 

.^UjjVI <u*« <aLu *4 c S^ja^jll 

JJLC 3l3‘ lj ^ 5 k y . u (I jjIjJLIL* (jru* IjJi jjU JjLmJI JaIj iiLwJU l jJk X 3 I 

<^lSJtl <iLuJ.I iLitJjLyJI jl - ■•^*1 3*1** ^ IS I jj . n 2 , n j l *■ * >v 

\xx = d ^ 

: <Jjlidl i j\c. 4-22 <JjUII ) fctjtill jjwti 

I n I^L \ - JUS ,. „ 


i \ _ m g n 




(4-24) 


^jl hail! Ijlaa JjLyJI «J£ ,jl pi il«t I <iHS Vjl Aa^jJ 111,31*11 <JlS jLaaVj 

. <iui <Jom|j 4 1 1 "> 4ii jIajI ( (j5Lw ^jill JjiaJLI <il£ l|"ll*K 

< u^i m^j^ II ■-***- ** <_JI Jjiall t i3l*H jail f - ?’ till j J*j .la^jj 

■ <.aA^ jJai J^a^j villj 3-jJ • 1 tj »« VjJa J> <<il ^jJI I JJX. jlataf £*» 


. m <i3SJ I Jajj ^■jaI Ij 3l(a£J I 

jjc 3 ] (4-24) <1jL* 1I ^lasLIialj oi>H *H> 

N = 6.06 x 10 23 

: ( Flow of Liquids ) (jSJj _Y^/£ 

^Jl (Jj Vit J« iL JSLm <iLUI 3-* Jju uay |JaI J JjLa Jj%» ^Si 


^A 



S 1 1 « - <&Lu <i j^jl l jj JjLJI iSk^aJ LuljJI F ctil^ I jli , <5kja <ilL 

Ji itJl (jj L JljJ 3 Vi <^juVI JiLlj X ULa JjLJI «JJ^j lilj . F/S jJI Oj^j 

. jA W J>UI 


W = Fx = S x = P V 


ji JjLui >Jjj ik *1 ^j)UI JjLlUI tjt (jl JiLtJI ^ •% ji Sx - V ik 

.KdfcaAjji I jjj ia* JjLJI U« i j> (JjLuj <^jj| 

: * JUiijJI It t> JliUt -YY/t 


B 



<j #Lil ji ABCD j. «,i ljj 

i f » » • jj *LI ^ jaVI « JjLui 
^ }LjaJL* JjL-JI J > Vl t > u AL^.u 

..<Mj Jjl Mill 

{ jZ—^ w~‘ ^Yti yjl £_kj^Il #LiVI L-fLklj 
<J£ ^jjL jl 1 *|‘>» J£ yk JjLJI i 

■ j-ijjll *LVI J>4 

Jji JwuaJI J)l dUj j j i n > ~J 

jJlIcI . P jJk A , D (^4 J£ Ht Jjl. tall III 

tjM i *> y. Le C,B igJaij jSlc. Jjl, . Mill ]a« — 


Pq = P- h, p g >A B JtJaiu-ill 
.A aUVI yi JjLJI jc B <1*2111 ^Uujl ji h | < JjLJI 3a (j£ p iua 

P^ = P - hj p g C Jjfe Ini < nil 

DkljVI ji JjLJI ^kuije C <U*lill ^liSjl^A hj i-nrfc 
P c - P B . = (h, - h 2 )p g (4-25) 


\\ 



iic Liii iAll ^ jjjSLj B .lie Li « Jl jU h j h 2 cwl£ U^j 
.h j ^ h 2 j«*n»l UUa C B *IajVI ^ji JiLJI 
: »UJ yi 5 <> JiU. JIJ 3 i*j» -Y r/t 

JjLJI ^tlnuM lilt (jl (_>-£» < <1* Mil Iji kjfi JjLm 4it * 

• * *** “* *1 I ^4 ^lll <j >SII <JjLa1 jI^LuL JiLJI ja>< <i i ■ i A L IlIj Jlu 

I > h JjLuJI ^Liijl ^iwli'JI Lw JLlI j-uC caj < ? iiMI jjc JiLJI ^jt>^ 

,<jjjlaJI g i JjLJI <U(j& p iLft . h p g (£jLuu 
ft* ~h >1 1 ULL ^*1 l 5u V tViill i> JiLuJI i^u I jj 

1 7 

•Xa^l <£ j_Jlj£^jll (J UUa Slj Liu ^jj — p V ^jJk <La»li)l jjx. JjLJI 

: h <iLk4 L^Uifcn ale 

j P v 2 = h p g (4-26) 

••• V = V2ih ( 4 - 27 ) 

jn* JjLJI £jjj^ *«l^j 

: Si^uvi J&Ji -T t / £ 

. 1+aLa >• Jj »A jl ^Lujl L» <J(J-ij| Jj.lu JjLmj (f\ <4t Jji u 

.JjLJI jL)ui cijbjl US liii^ ojljjl I *Ki 
< Jttl & <jL\^U JjLi ^j.2 JjLm L^-jJ Jj ^ ~>j <_kLil ^j^il J)j o L^ jVj 
jjlj S-, S| 1 ft* l>f ^Initl <aLu*^ B .A (^*>J»y> . (XX/ 1 JS< ») 




. V 2 , Vj La,\W JajQII 


J 


t ^jLuu A <Lilll jit JSLJI **Ij *«-~j t 4 »* JV*' 


jil JjI, i iJI jl Lu jSl|j V 2 t <il > (^*^11 (jitLi (jA B ^JaaJ I die JjLJI 

(juii ^jk B <laiilL jlll JjLJI uukj jji t ^jk <L2jlL 

V 1 1 S i = v 2 l S 2 


V 1 S 1 = V 2 S 2 


(4-28) 


j mij I jjlj . ^Ltj ?a(.i uj £* l _> 1 iXr < ? >faulm Jidill ^jl I jjk 

ojl jjl US *LXI ^lajat (^J jjS| <Cjjj*J »LJI UJ 


: ( Bernoulli's theorem ) vkbi hJX-yo/i 
JL jjltl ^Lill ol j LjmIJI vjluLVI l jk JjIjjjJI SljAi L«ljj 4 jjJ*jII *«la qJLu 
jjl > Jal > iA*pl I JjLa ju JjLJI (jl ja^ij • JjljJJ tLII i.iuL 1 4^1 < » 

(TV— t J£*£ ) B,A ^ J£ ole. (^ijVl ^L«m ^UjjVI jl jJLj ^^ jjVl < ^Imt 

I ■ A ? JjLjJI Lfcj-<ji . yjjjJll (S 2 h 2 ) » (S j , hj ) Ua 


A (P 2 , V 2 ) , (P, , V,) 



Ml 


*i > i jijVl Um .itti iAllj (JylXxl I CcjaM (jjU <j^Lkil jLajV 

a a> » jjl . iitLJI .U, ^l u Li <_Ja ^jUn jjl < V t*^ -> . 4 LaUai (jj fl uiajliVl 

, B ji& oLZLUl A jic. oUUJI 

: Jd»lj£. 4j}li (jc B jl A <Jaij jja <SUJI liial 


aIm gJauMjjc h <cIajjI J*a*j JjLuJI 1 1 j _i ^il I ^A>ll Ulia — \ 

.Liioll ^jUI J1LJI ^ m «Lo^ mgh ollJI 

1 7 

— m v ^jLuuiJjV <ic j*m (JifcAit JjLJI *|‘- •'■^j ^il I <Sk_^J I <2Ua — Y 

<Lii JUC <^Vl L»L~» oil* IjU , uujUVI ^ JSLJI tiJ Jt>UI ^IVI JiAll - r 
Ujm cul£ I pS <5, 1 1 ^jill ijj$^ P Lajuc. JjLuJI lJL«^> S l* 

<Liil!ill V <i l.nt« tlJjsijJ <j ( li V (JjLaJ I (jljj 


<iLJLI x (jill = w JjjxLI JjlUI 


W = PSv (4-29) 

: yJc. B , A (j* Xic. iilLJI # Iaj 

1 2 

mgh, + y mvj + P, S, v, 

= mgh 2 + | m vj + P 2 S 2 v, (4-30) 

('n ^U B,A £yk J£ JkJC. Ij^jj ,Ji.ii]l Jd*«4 £1 l*£j 

m = S,v, p = S 2 v 2 p (4.31) 

(4-30) j (4-31) iJaUIl ,> o^d^Ljj . Jil—Jl UliS p 

. Jilj*JI ^Jt 

1 p i P 

gh i + — v , + — - = gh 0 +— v? + — - ~ constant (4-32) 

2 p 2 fc P 

h , = h 2 ^ j(V S>S jAljjjjLil (^« “i in a ui yjLuliV I otlX lj| L»1 

: cAk* 


\.Y 



(4-33) 


I 1 2 P 2 

r 2 v > - — 


+ i V 2 

2 2 


P 2 = J P V ? 


/ V 2 

4 - 1 

\ V 1 


1 , s? 

p, . p„ = -L a vr — 

1 2 2 K 1 s 2 


oj (4-31) ibU-o-v, S, = v 2 S 2 c& 

„ (4-34) 


(j«* P | Ini irtll (jjSu S o (j*» _)j£l S | ,j(£ I j| <j| itjl mil <Ij(aJLI ^ 

^Ini > 4 ■>! in * jl JjJ I «4 ‘w <il V ,, (j* jjLuftl V j I 4-C.jm) I < P 2 

Jl jl .(j(£AI I JJl Iji JiLJI ini. i A jljjj I ■» i LfL^lj JjijuJI JjC 

4jj_«jll ijjdll (jl jL> 1 cl (j&nt. (jl—uuV I ^ i <> yt 3^j_oJI 4 i ,r jV I ^jJk ^jJI 
— (jLjJLll iji lj j ^oll Ini in (jjSu tiiljjj , 4 th-% a ^JolJLo Cil j i^ojLiVl j» 4-C^.n 7 >.o 
>_jjji)l ^JUj] • •* ■ —j J 1 J, !<Juieu JjjjJI ijj u I -* « » — SjAiJ ^Jaill tnLu -*rjT 
(jj^j *k < 4 j *k UkJI £j^aJI <ILa. ) jA Jlj (jn^f Ji^li 1 an > .Jn&A iniaoJI j^jli (jfc 
(jjiju uJULl jjjjc J| rf»ijj < l^jJLua JiUJI J n J>.« A (jj£ki Sj-k i i rt 4_jy»jJI <uejY I ^L»l i > 

.^Jnill <jllL* <inia> (jgjSkU ^jJI 


: <±>lal2 <±L*& CiU^iau 

Ciljx^j <LLJI 4 »j ■* .-.It itl |j ^ | l~ *ll olji 4 Jac { jt 4 ._>i iiLmV I tjSLtil > 

^ Into jic JjLuJI <Cjaoj jLjjl (jl (^^klt (jlil < 71/11 (_Jc <^a1Lj e^Llnl I 

jJL Ijl ( T1 - 1 ) JiJL ^ (jtai lj* ^ t JUJL^JI ^ (>Uik:l 4 » no ..g, ^ 

•*•• ' - j I j-l i nn » jLc. I | « Int o (j^Lt ^^ll lj A 4 -kl >1 1 (jj -t ‘Lc.jmu JJrtk 1 J * Ij^j I 

jl jj Jloi ( _ # lc jjljjyj I I jt JjLJI Jtju AB ^ ini 1 All (J^ni iA*>) 

.SjjJI (j 4 La>jla» 


\.r 




: ( Viscosity of liquids > jsu-jt -n/t 

>toj jjiii ^« ~i m* (jit * L* 4UI4J < ““!?» <>* jJfclj Cuj <j»* I I j| 

JjL>i | ■ •“* #ULI uaG 1 «*>j ji niV lj ^jle. Lfl* JS ^Lli jji (JbtLkl 

JjLmII jx*j jjlll ijAtJjj . (jijiJI { jk» { jkx* ^ jfau il-^JI jji UaG ^ i $j2ll 

J1LJI olijL JK-ffcVI <j*>U L* I m»»*u • <£ | )^li <ojl itu-fc 

till j i jlc <(JjLuJI ^j|j l Cijlj ld£ VI | jji ? > j i ojl Jjl LdJ^j . (jAou 1 1 

JjLdl Cilida * " ^jlli IjuLII ta > |*J J I 


: ( Newton's equation ) (Jjjjl j £ 


jji oCLda (j* Cx3&*i <jl tf <S »«*■* (jlft cIjaIu }LjLlu ^ya jju 

JujLJI dLj<d jJfi J u u 'Ijuil * jjuG Ctd i CiIc^wj JjaMil u^l U ‘*>v 


jJu jS < K< « jlj J j JSLJI J^Ij i_id> > abed | Yo ~ i J^i« J 

^Ls^iVI jl.u_4 ». .JjLbiJI *Uj| a , b^ , c x , d^ 


\.£ 


^aLuu £•• (jUjJ» ^jaII tii <.n wl i7(j . <llt Ait I olitUH Qu F ■ < II^*«-VI ^jj ^|c ■ ■«^tl 

M <kifi J-UU ^jJI JSLJI ^JaodU 

Q iS <a^ll <Ufc L i f jjl Iti A jj lul 

0 r*7 i /D 7 

| / \ / y v 2 ( jli <*» ll <x->- HJ V J LJUil 4JLJJI <X.JJJU (jlj 

))}))))))))))))))]))))))) < v i • v 2> 


• Cd <0d JiLJI ^‘tiiln £ju <U4 jjjJI iiluJLI ^jJk d 
£-* jjju Juju* L jjJL» t .mwIYH F JKl -^Vl Sjj jji ,j^jj jjJLcI 

: jl , A qJamJ I ^&luu 

F = „ s Vl d v * (4-35) 

Iflc Cijjl luj (jjll * uii I <jL> uj JM t i JjLmJI iJjijLAfcA Tl^faul till CuIj kjiJA. 
<JuLjlLI k_ij_J43 < I jjj jjii>‘i Ju » * ix=*j <j_A ir>* t >1 JjLuj ij/* oLa^Uolil iU-^} 

.j^u^JuUaj (4-35) 

lul jlj-JLJ-UJI Iuji «xj\) u *i ML * T ^ l jA <_aj^UI J*Lju* cJu-^j 

• i£j fjuu plu^) l'n t U*>ml 


Aijbui . lyigUV! ^3 ji 

( Poisseille's equation ) 

^JJki l| _t >jJ« j Ui t Jill I yj Jllft jjjikJ jjl yi JjLui y^l la^l tut 

: <«VI oljjtilll ylc <u(j!I yi jUJ JjCuJI JjLJI 

.T| JiLuJI ^ t'J J^Ijl* — N 

. R I jJai i.iirti — Y 

£gjJa2j igj In* 1 All fjJk J>aII <jL *Luil ijM JoJUMaii j_uu Ju-JU* — Y 



. tUal ui La jjj <UI>uu jliu! 

L L|J>L^j < R UjiaS I (jAjjii <JLLJI c» I j _i * It I £gj «Li^L«J I jLajVj 

.TJ J-»lx4 (JjLm 1^ bl ^ 

juti dx 1| ^ niiy X U^laJ > t.mi JiLwJI £yk <Ui(jkjdul >j » u . l 

( rv -£ 


dx 


A.. 

T 


X~* 2 H X L- Cu[)kuiVI SjMiltl <atluu 


'4'aV 

p 


^ U*4>ll Lla 

; >■ ■— F | <»H<-««w I (JjLuJI 


dv 


(n-i) jsCi 


F . = - , « 2 ** L ^ 


dv 


ijV X_J (. i » 4j 1 1 i»V lj • 'jJoll I 1 1 iio 1 1 Laj I !jA CCj > iJ I j j l > JnV > t ^4 ^ ti 

iji (jL^ I jl . x Cijljjl LJ£ <Cj>uVl jlx^i ij* LjjJJI l >K (joilyi? <Lcj^uJI 
F n ,jjk 1 11LJI ^w> Swill tjfJ <£ ^11 S ul I <p <jfcuVl ^ vU lju J U« » At l 

=71 x 2 P 

i. 

: <La JjLill * * l~**» *■ <uLu>*il JjUJI Ciil^ IjJj 


= F- 


JI x‘ p = - 2 7t L T) X 


dv 


4- P x dx fe 
2 


dx 
Lt| dv 


P x 2 

L r| v = — — + constant 


(4-36) 

x — R Ltjjc : <ii (^i . <jjoiVl ^Imii jic ^Luall ^ i n't JjLuJI itjXU |jV 

V =0o3_i» 

p D 2 

■ ^T- Idjl— 


N «*\ 



V = 


4 L T| 


(R 2 - x 2 ) 


(4-36) <jjUii 

(4-37) 


(S I JiLJI <c. j*m <L*o 2 (j-Ioaj <JjUII * jji ^ 

OjIj U m VI ij i t i al l ^ l u i ■« CaJ »«i.> j i "i • j ^XjII jLajVj . f ^ <_Llj 

2 7C x dx v (JjLuJI ^ <u$ ^U>1 1 I jjt 2 7t x dx 

( ^ic J< rfl ~fc ‘ l Juilill ^ jlil JjLJI <X»£ (jjfi. II CiL-*£J I * JJk tjip« ^ IjJ 


Q= 2 n x v dx : * jj-uoJI ^ Jijill Jj*-. 


P 

'o 4r|L 


1 0 
, 0 


/ R 

= I ( R 4 - x*" ) 2 7t x dx 

Jo 


n P R^_ 

\ 'I 


R 


2 Lr| 


Q = 


71 R 4 
8 T] L 


(4-38) 


:Poisseille w ^wj^I J 4 ^ 4 o*^ -Y^/t 

» U(£ ■ “.P.VI Sjkll ?l| i ii Jil^uJI (a » <*J Jibu jUjV j Imlji (IjLlU ^ lull 

JjLJI J ; « ■ "j A (JjI.i nil ^^jfluujk ( TV — i J J£4)l L«£ <*< 

l £ Li j'ji .ill! <xuulj 4^il CuImj <T jji‘>irt 

* Cul ^jLc (Jiilj ^.^*1 mil JlLaiJI qIiim » n * h t *fc * JJI (JaA^j 

.iijaall » Ija] 

JiLJI 1 1 iX-l w 4 BC ^Lill ^ fji cult 

.( TV — i Ji*ii ) D jLaJ. 1 ^ C l|i^L ^ > ? X > » i j 3 


\.V 




A l ji JjLuJI jjLi I j] 

«Lili£ p ijij -> ) P = h p g : <jj£j 1 I j i jL dju P Jni.faoll ^ji J^UI jjli < h jljJLkj 
Jjju OWAjj t |^UL« (j/) 4^J_uYl (J4 i.l^mtll V JiLJI £yk 4 _t ^*i I | JILJI 
^Ij ~^ r> i iiljj L L|4>ta ullo^j R jLill >,ti<ni iju \ i 2(j (Q — V/t) 

•4o>lll J-Lc jLJ (4-38) <L Ull 


(4-39 


ri = — — JL£_£ (4.39, 

o4jlu.l 0>i£ : UiSUI SjSlI *!*>< Jilj-JI 4jjl -Y« /t 

( Stoke's law ) 

UjL J io'i • L IjjI jj JILuu fjM <LJLuj itj-j Xiljdu 

> (£>i jic, *j£JI ^jJc. jl(3i3 V ?/il|*JI ^ m hj 

•mg jLkJ Lpjj - \ 

: <£^ JiLJI ^*S j^ 1I ifl*.! (^1| JiLball ^ij — X 

F, = 4/3 ti: R 3 p g 


\.A 



-: F i 


^ t-- 

__ 

mg - _- 


(e\-£) jd 


.JjLJI 3i(j£ p < SjSJI R 

jc i iii njSjfli aI jii mil Oulu _ r 

*La*jl I *JJI ^ j 1 ~- 

$>i]l *. XA <«ji jLuVj < ^Jcl (jJ I — <£j^J I 

. jIajV L Jjl V>1 I Ut^L ju^jluil F 0 

^Li v. La > fj* J£ ^jle. uujSj F 2 fjl (jAjiu 

Ccj m l I jk JLIxSJ < TlJjl. .< iJI i R !jU I 

: (ji • v ?y>i|*iti 

k F 2 = const. R“ . rj p . v Y 
: jOuVI <IjIa* ^ j < 


(MLT\) = (L)“ (ML/ 1 r’) P (LT*') g 

: jjJc. 

P = 1 

<* - p +7 = 1 
- (3 - 7 = - 2 

°c = l P = 1 : 7 = 1 (b ^L JirtVl cjVjLaII Ja^j 

F 2 = const. R ri v 

: <£>a>JI OuUI SJ <J1 jj 6 K ^jLmjCuQJI (ji (juSjiwiI ojj|j 

F 2 = 6 tc R v rj (4-40) 

Jjjii JjLJI J*Jj ijSlli aIjJaJI ^ic Jhjjj 

4 / 3 n R 3 p , g = 4/3 7cR 3 pg+67cRvri 

.<LSLJI ; j£JI SjL <ili£ uJk p j 

2 g R 2 ( , 

• Tt — O ( (\ _ A 1 


T1 = -K- — 
9 v 


(Pi - P) 


(4-41) 



p , p ] . R jlauj *±A 

J^jk^JI jju L <Iu>k> <iLwi* 4 j£JI J^iml < t ^jJI in'll ini | >11 I iju 1 

,v = L / 1 <£.jaJI 


cuuii o-yu i»sib ***> -T\/t 

( Viscosity of gases by Rankine's method ) 

*> jLi: <-AOL>J 1^-*-^ 

— ■ £) JlSLi l*£ ^/">l<o~>4 CD , AB 

^ CD . jUJL^VI ciVi jLiJI ) ^Jc ‘i -kjj 

lj AB <L|j^iV I 1 • ui L LfljUj ^Uill < i_> i.i 


D 



fjA J _ L ^S LfJ < 1 _ > t *«u 

£-*A» IT* I > h £-*Ajf C^ok. Jl l j >ulj 
^ g jl— ill £-ijJ Jj ft ~ > j t—4 Jt f .(_!■*•« 1j 

<jj_4iVl Jiklj ^Lj imII ^UVI (J^lj t^ii.t. cwll 

Jqj^. iii ‘ * ^ ^ ulbAj CD 4 I i ‘Jtl i 

.uojUVi J&lj jUJI (jJft 


JZ ju 

jjjU ■‘••*^~ jit . AB ‘Li^jjV I ^U> * t>l .i* 4 S jl jA^ii 

<*>uiYl jjj <U < mg / S 4jjS Ui »Ai jUl! ( ^Jc y&i g ioxijYl ioj jL^JI <i^c 
jJ CD ^ jlil jlaJI (jjSkj i / <iLuu Jiijll SjJai i^Aui jtj t jli Ijl CD 

: jJA *«Aao 


«■¥ 




Q = 


71 R 4 

8r) L 


NN . 


P 



mg 

S 


S / 

t 


n 


% R 4 
8 T 1 L 



71 R 4 1 mg 
8 i L S s 

• CD <LyuiJI jJUi jA R 


jjcj -YY/t 

( Reynold's number ) 

^•^•X tlftjl jJ Ji L i.m] 1 jOU ilAi jt JiLuJI Ltjxti Ctjlj l«k| 

. <.jUkll <UL& t jA jk i^ll ^jLuji tit LuU i Su . Jjixlil *L^2l ^ic 

# 

. JiLJI <SLL U (^aIaj oijll * j-a i.ijuiijj 

^Jl 4_JaJkll <£j-^JI LkJJU (Jlllj ^Itl < JM.imII <akj^aJI ^A^uJI <aaJ jLajVj 

. jbuV L Jjl-k"tl I ^ila’inii < <L* IjJ I 

‘ * ■*'() < P OilS^j TJ JjLuJI <a >fj l jj-» iJS ^^le. V', <ajaJI < ajJ k_L^u 

: <jl tf I • <J^brfJI Jial. Lf ll I R <£3 ajVI jL2 

« ft _ V 

v c = const, ri p R 7 

( LT 1 ) = (ML ' 1 T ' 1 )"( ML ' 3 ) (J (L) Y 
~ + P = 0 
- « - 3 p + 7 = 1 

- oc = -l 

°« = 1 , P = -1 , 7 = -1 : ,jic. J<rt-au qVjUJJ » jj> 


\\\ 



V c = C 11 p* 1 R ' 


v = C 


P R 


jjS+j • <i^Uti Jjl J] <iuii C cudll 

•1000 <yi*~ v^ LVl <iu 


: (Vt) JO. 

Jjj j4iG CAJ |JjLu< LfJ 0.1 lAjlftA I ^yui 10 l^|)Ji *Ll » »■<« ^)lil 

/ ^ 0.01 ciiK I j| JjLmJI <£jm / jflj 10 j Liu Jmu<aII ji 

5 .<iiSj 15 jlll JiLJI UajI da^j]j . «ti / 

: JJI 

.jjaJLI jit <£ jj-JI ijjii X = 0 j (4-37) <UjIju 


V = 


P R" 


10 x (0.1)* 


4 L T| 4 x 10 x 0.01 


= 0.25 cm /s 


Q = T T" r iiiai j jUi j:ui 

: ji <LiSj 15 ji jlll JjLJI U^i) 

3.14 x (0.1) 4 10 

V = — — x — x 15 x 60 

8 x 0.01 10 

= 3.5325 cm 3 


:0-t) Jll. 

(jlt 0.2 < 0.1 I, ,4, i j jlaJi ^m< 50 « f^lOO I * | (jL B,A 
U i-i A >“>*>. ~i B La.jL^} 4 f^.80 L*i <AJI ■•■** A ^LLlj JjLu* ^ *) » 


\\T 



$ JtbAjI <laij Ju£. Lf .All Ltii Ja^l {** 76 (, gj^ 


: cUJI 


Lj- 50 etf 


L , = roo c-w 

B- ----- ~ 


r 


c « o-i mm 


1 



- 0 1 m m 


(r.-i)jijt 

( — i ) . Ljjio*iV I (j4 J£ Iji J&lj 'Jidlil JjJU4 

Qi = Q2 

• P q 1 P jj » P ^ 4-uiijiJI (jlt jJ»C,B,A Ui ill JL 1c JiLJI U > * A (jAjij 


7C 


Q ' = ¥ 


P - P 

r A r C 


n - 71 P c " p b 

" T ' 


,.4 


..4 


U 


A <j^ll <u.iUL 


6 <^i^U <^uJL 


, Lj = 100 , P B = 76 , P^ = 80 ^j^u^uJiiLiJl iljl 
juc ln« .All (jJc J ^aij ji irt"> ^Vljj r 0 = 0.2 t r j = 0.1 , Lj = 50 

JLuOjI <Uij 

P c = 76.12 cm.Hg. 


: 0 >-t) Jlli 

l jAj 0.2 ^liljll Ll^iaJ I, iu>\j fu* 50 L^-ljJa 

^jiUI t>jll Oa,j1 . * Uli #^>1^4 T^ui 10 <«U3 4 <aLh 4» ^Ijlruwl ^‘>)u« JiLu/u 

^>■*1 >«> > jj— i 50 ^jw. 100 ^LfcjVI ^> 4 « * LlV I * 111 gbJLu* (jn i 4 *>j ^£1 


UT 



v mnDLii * 


£clx 


1 

| 


l«- 


50 Cm 


$ 0.01 #111 Uc .^Vl 

: JJI 

jyi #UI ^UlJjI £• J .> * ~* j 

Jt . <^jVl j^i #111 kiia jjju j till jSkj 

100 ^UfijVI jl*. (jUS (j ij 111 £y*j (JmLlJ #4# 
X ^liljl jlX. Qlfthll 11 |<J l#lj t J>*j it >i • ^bhU 

■«***' jj 


t |C«... ^ ^.-t I JjLfcu {j* jilf I 

^ki* A £ 1 ^ A . dx dx 

( ^ ^ (TJL>k o*j ol Y \ — 1 ) JSui . £4jl—J.I 

ji Qjljlll J j*-» Cxj^i <1 jIju* ^1 t-wlmb dt jJk # 111 {j* <x*^ll *jjk 

Q - A f 


dx 

X 

1-^ 

X-, 


n R 4 

P 

8 n L 


P = x g 


i 

*? 

Xb 

g 

1 

00 

J3 

r 

A 

It R 4 g 

t 


8r| L A 


x 2 = 50 


Xj = 100 


(£jL*u !>■< All jjSJ 

N = #UI<ll&jUcL 

*0 m • 

dt 

JkAfhl J^l^jjLjj 


t = 56290 sec 
= 15.6 hr. 



(JuauaM £jjUi 

JjL*m J o >*i b 95 tfc>*UiJI Lfljj ^ 170 t-fijj ijjjii o-» Kj i m — N 

, Je 3<4 ^uiwll cil^I^cjill i'iI'hV I culfk la] / 1.5 4 ~i •!*>*> 

§ . 3» J£J 4 im >11 aaj 

,3juijil q J t ii i m jjA i Vij ^all JaaII a-a^jl . {uai 6.2 J *UI ^JUjj — Y 

§ .<U quX t j«C al& Lfilljj 

Ou I / (j^lj 540 cH^bf 4- */ <L>J J 70 *bU II yjlll ) 

( r r-/ 1^.6 JxijH <i 1^^140 

£-» . I m (Jjyu fb-.*> IfA Sjaj I jja Je b^jSu ^~^rhll ("kih ^ • 3 belli — Y 

§ ^birtll joi ale (^If.liill diJkakj I jb j ‘‘ ■■«~H 

^ui 0.1 < 0.3 l^ii^l* jLi 4 ^ui 20 LftLijjl JSbtJI 4j^U>j 4^1 — t 

^tu / (jjb SO In Mill »Li ^Imii ^iii tl I l^Jjla |ju4jL ituaa Ijmlj Ctui 

^gj Ln u <£jb>Vlj »ULI ££j <jjlj jl >1 c L <±yuJ I jji *UI ^Lijjl ).»M>itfcl 

Mo- 


3 but l >»» Qb> »UI qU 10 3^* ' *ba <J *lj| ji J^»tJI y Ujj .LU £*Aj — 0 

3IS 0.8 bcjlll coj J bj • f** 6 gjjbi ale jbjuJu+ll 

<> ji>** 1* Ji*- OW* cW» • f— 4 gjjjill ale j «i »4 II U.«M^b cujll ^L>« 

10 JJa qU bit 0.9 4li(2£ JjLui (jj bale jbjjjjfll 

§ . Jb*| Jl Jtl 3“* 4i(j Y^** 2 l^lu*^J ^ui 

jJ jib 5 bjJaJ <u(jbvl jb tjlil Y ^ .u 5 ^ j* Lilli (j» i^u jmjJUi — *\ 

3a j 4«‘» ^all JajJI jtL . 2 Ujai ciUa ^.bliVI Jel <1* jj^bj < *bl 

$ 0.95 u * 1 ^l <ijj Jib* 

,^u 3 Ujt4 j^iLell 3* blii (jgj£lJ jaLwII jljil I a»A <)aj ^jiU) Ji4ll aa^jl — V 



Jl ^>lJI ) $ ^uu 5 jioi jljjj jj£J (jiL^YI ^ j}UI 

( ^dLu / JjJj 28 u>jCu»JI J[>iaJl 

> 10 UjLi » iiift'r ^ij jtutll it Lai JaIj IaAjlaJI ^ i j Lt*> ll ja^)| — A 

$ f*-* / u*Ij 30 o^ L^aJI ^•fcU . o ll jioill jji J>ull JajJI >*L^j 

Ijl t l^dkjla. jUoaVI 6 Lto SjJaA J f^jjjJI pljlajUli Ini 1 All ijLj Jt^jl ^ 

. f-LM / 4^4^72 #Lftil ^aLio iM 1 ijJaiiJ J^»A ^jl fJt 

^uajj < ^4 1 < ^4 5 L» A ££CjaJI IjJaA gl^ ij(j U w-1 ja* jJt ^ouilj — \ • 

. / jjjlj 73 ^ y^lfw ill 6 #L* Lfj 

u* “LLI ^Ltjl C»U j>JI Oa^jl 

/ {-a* 13.6 4iilS2kj • / jjjJ J 550 ^^ i n . Jl * j^y #UI Vjj (3^j £-uij Ijlj 

jjAji (ji (jgx.LiIjVI yu ij^ ill <j>£a IjLfci fl40 <JoaiVl £_* <uu^lj Xy** 

tg^UUt olgkl ^Jl « jt >iii 0.5 LjkjJfki > tirti «Lt tgki Jjj *l> ll JawJI JLAjI ~ \ N 
$. 70 *L1I Jlj^jlll jjU L*lc m 0.1 lfl« j!k jJai > , tuti 
8.2 4jj3 f+M 0.2 ^-u 1.54 1 1 i ^ gtj 10 ^L^jll ^>-» — NX 

L| aj4~>i\j < Ulil J^Jall l itij ~>i »UI (jj < j tu I j oj-«-t. 

/ jjlj 70 #U11 In 1 mI I j^ill J ^jJlllill L^ j \ t uut vl .elll yj Ij^UU JauiVI 

*jaII <-»J I < JlLui yl ^uum 0.5 UgJetl > imVij Ajm <j^4il Cm i^J — NX 

10 ig*-uJ ( I yi JjLJI ^ Liiijlj 1 |uv 4 ji J1LJ i v^V I £y» j v » a I I 

ijjiiV ( CiL|4 yt 5j$ t i>rtj J^ui ykAtlii J^aI ^j^Ui IJuaII jIji* jt^jl , |uu< 

• X^dbu / ^A 0.9 fjjj-/ £)»l J 70 JiUU ^y^Jn.oJI jv^jlll jjU Lfclt. <t a )AiJull 



Lii jl jKj L» (jlj» jliak jj « u 0.5 OaLuu uii » Ul ■ ■ •*» ‘ — \ i 

, <X.L.J I Ujoikjl JjJU vllliij (jillll I Cc_^-L4J J^jl • f-tM 100 oiAll (jc * LU 

$ .cip I Jl>la C*j(i u'j^< ^Lijjl ul 

|ji I ni i ul ^muj 0.2 LkpaA JjCaJ I £y» Sj£l i-uL^ill <X.j^wJI ■ I —No 

8 JjCaJI iiljSk Lilt . jl^j 8.3 <Ia> j|p V^urfi / jwa. 1.2 

$ .Y <Lt / 980 <U^ajVl <laXj Y^iua / 

Y^juj 100 Jxaaj ^>«JI ^ <il ^lc Ijj .ti ■ ■ I»l 4 XiVKjll Ij i all J_a^jl — N*\ 

§ (3pj f** 120 f>iJI (jlj<Uilill 

»Lll IjU . <jjLUI ui T^ui 1000 Jjuuj <_jJLil ^jk ,m — NV 

iT^ui 9 Ujjc ^Intl 1 <a( III 4 <j^Vl jJ iiaij die y^oti / j^lj 10 (JjLu 
^ / (Jjl J 10 X 1.2 L*>Ut Jni .All ( jt ^j ^jJ»| <lni*l .lit ^Uill <aLo**» 

ijlc. I ^ud 480 oLLI ^Liijl jjl£ I jl . ^ j iil> <LkJLi <fj (JjlA* ^*tm » — N A 

<_>m ~k I * iT^ui / jjj I j 10 x 2 ^1^1 » »it I ji #111 ^jJtl JftAtill (jlij ? t *i ill 

U^i^Li T^yuu 800 ^kLoU Cul£ IjJj . Arik l ill ^4 #111 jL^LU OpJAM 

§ .<JL2JI ^ # Ul 

: <JUI oULuil ,j*#lll <ajL>l J-*La» Oa^jl ~ ^ 
jjk - ^4 5 LajLJ i.iit’u fujt 10 L^ppa ~ *Lj< i« <4L>pl ,ji #LLI jjLj-uj — 

(J i c 111 (_c » "i .u-a { JjJ Jjil— 4 <j^iVl LftjJa J.-rtl JJ . <JL4_2j / Y^urfi 8.1 

$ ^ui 5.6 

v^bw / ^ 0.92 * ~ *1*^ JjLui jj ■*• ijj jiii (jjjjJi i^yk SjJaaIIjJoj > i« 4 >i urn i - y • 


* ■ .. 0.1 ^ ^ 1 ** ‘ t. ..“Cl ^"ill ^l*il | *11 i *-J ‘ “I I Jjiij .-■» ..‘^ I 

$ #L ^ SjcLa 



^ V^u</ 0.0013 1 13.6 *l>4Jb<3AjlJ ) 
•( S>» 80 *UI cUlx* jolJaUJI 



A ji lull I AitaJI 
( Properties of Solids ) 


: JUiL*-V* 


i oLi i ^A jl o Ijj ^4 | ijjlc < diLuu < m jl irt J Oj L> i«i I 1 1 iVLa ftjUll 

<JLk ‘ CiljliJI <JU. (ji I.L^ SjjJLbtt (jjil Lfjoj Jajjj <£jjfcll Ctilj 

<Hm » II k* Lfjl <Ajjl < 4 _iL^JI ^LuijiVI lx& I »*m (JjIj_mJI 


■ <4jlj <iuu io^J 


fjjiSkj'ifj • LjIjJLc J w >aJH ^li oljUJI iji *.1* 

. ^Lwi&Vl Ul . If) ^ ln~i i » i.»ujii dlu 

oUUJVI j jSuj < LyA jjJt ^UaliL olj jJ I t'ijA) Qjjij 3 >l jl>* — I 

X,y,Z < 5 >(ill 


jl 4. JjJ_* , 4 »i Jjl MI^ Lite. j.UJ> JJ < ^La>j]l Ji, <J)» L JjJi. jl <Lti j 4 llirfj jlj-* ~ o 

> Jjl^^wll i^a 4 ti*il I H-lj yi CiliM j t j m V I ^ 1 irt II /1 


: ( Binding forces ) tfjl-Y/e 

j j*^* 1 ~ ■•■*-* — 1 1 1 I j q I jj 1 <1 Lfc ^jk — <? I 6 j Ul I jl oljj jiluu 

Ciljj l^J-Au *1* £ji t-Hjljj . Jjlla J^VIj yiU < ijJuZ <uaj 

. SjUI 

: i\ji\ iiili <i^\ 

1 5 jjUltl oljjll <iLkll <uj 1*^1 1 oli-kiiJI <_j jL^j (^» 1 1 * 1 * 1*13 : (ft* - I 

. I JI4 I oljjiill <1 Ia 

4 ftljlil Jj-sk LfSlj l f t . * ( ^i CiUjD-jlSJy I (jljjjJ <..-v->.Vt A.' ~*~kj ■ JLijj jjLi (£j-* — *—< 



(jjJ ifjJL Lf 

<JaXt 


i oLiTtl u 55 


ljufj fjk L£ 4 «>« i A LIU. i jAj <JUjj tjLi 


L*£ < UjjLaJ <£jaI 




(jjL (^Cjjll JlSIiVI 11 a wiu^j jiL^II jLjVI ji 
jlllj i ij j ~*~ ^ I 4 — m t yl^JV I ■ ■“!! jilij ■ - ‘ ■ ■■ . SjjUcJI ^j jll Lkl 

{j* ■■* Ji ij.4^ L| i^t i £gjjj (fl i-JjlE l>Aa» Ijj LAjjjL < irfij 

.oLjjjVI 


: ( Potential energy curve ) : yu» ijhJU -r/o 

ja yi A & B ^uj^Llu j jilnil uiLlll (Sji* L^jIcI 1 j| 


. ( N — o ) J*Li. I ji LI 1 «| *>_n >i I y‘n*>» < 



(\-<0 jCi 

11a (jfjjVI jlc. SjjJI £Aj-» J1»j jj-i a . ' J I yi , \ -4— - ^ .lJ ^j « hi LLfj J-ajj 

(j) (r) j^aJI 5JIj u£j <i*UJI L^-aL^II <2>LJI Cmu * X 3 m <iaiju ^ajII 

!jJx. r (j) (r) jjJuJ <±uy*a <JbU * Mie {J ^ * ^Jl »J l ^^UjoljUi cj& r *a*jJ l j 


(j) (r) 


a 


+ 


b 


:t pVIJUJ) 

(5-1) 


NY. 


it 'frJI Jim 1 a Iji < jl^JI t -tJI ftjLjkll JjVl J_^JI JIa^ Cu(j!j cl , b 

: <1UJ| i.iiii'v n & m ^oi .jiiiiii >vi 

ol >»L11 <JLa. yi Ul i m = 1 jji lio^ <L^Vl oljjLII <Jla» ^llu 

. ij^jin = 6 iu& 

< jjljiVI ( N - 0 J£*u ) J^aJI jit ,ji Jjj J J -hi Ti 

^>1 m >Vl jxm SjjiUa j .in *j I jj^j < ijlj_ail <_^jj jLjijli * jjk * • ■■• 

oLujll jl | i/>W I <laL) uL^il ^umaII ijlj^ J ■■»* L*jicj .Sjl^^Jli 

ij i ? t I ■< •> !! J ^ i M I ^ U-fclj jojL^aK (jp »i { jle. i. ilt Ti Lfi] < j)ULu < .i‘»tl 

wcLJI oj^UI <jjlj^JI oLLJI <2LUI JI4, . JiLJ 


: (W®) J12U 

IJL^j r 1 4| iji iiL-JLI jgjjjl (j) (r)^^II <SLL jjJ>Ti 

, z v a b 

* w ' 7s- ' 7 

JjlV f Cui Jjj£j I jl^j . <j^L« ollaJI <jj& Ldic r ia^l .Culji 3,b <*t_i-fc 

$ Jl-hlll <ill» Ja^jl yjjij jJI £|U \>ill <ia^1 S Olia 

: J-aJI 

Cufc •>*-* (JjluZ <iUa 


(r) 


i)i=0 


= (a/b) 


<iLui <jxulRi I4J JtUIl ^jLuai Ltjjc «ij l* JaI olieJI j£j l 1 

: ul 1 • b* 


d$ 

dr 


= 0 


NT\ 



12a + 6b _ ^ 

Tu" + ~ ~ 

*0 1 0 

1 

I'o = (-f -) 6 ojS t u 

<J jlxIL ^ U»~i yGjjJI (jfa S^iil 


F 


d(j) 

dr 

12a 6b 


: <*>«!& Lajjc (IjULi-c^* tjji i jA lilli SjiJI 6 . 1 * <jl Ja^L)j 


r 


<fl* 


Jl 


2 

^>ill ,jj$Z Laxu r = ( -g- ) 6 

j^yt \ If > ~‘J 


Jj jIjiLm QCjall jjl 4^1 ^jill oj^ij 

ijOjjJI jl (^1 . ( 'f ~ 6 j J^ui jJiluJ . cDj iAi ililLu 



m 



. jl.i <ii Ifal <iLub* jjJj (^Gj jJ I [Jtrtil ^j^UI JJuJuJI uJk (JifkHtl <ilia 

D = <(>(«>) - <(> (min) 

= 0 - ( — - — - -5- ) 

4a 2 /b 2 2a/b 

= b 2 / 4a 

A 4 -> i 1 jit ^ Li < _ r i oljjJI sp, <iUa J— aj 4^1 J JiaJj jjl ll^j 

. D j« jj^l <? 4 jil 

: t \ji\ -i/° 

. (Ionic crystals Jla - ^J^Vl - ! 

UJ& ^ja^3_uaJI Sjjj 

IgjJ^i IjjJdJ.oLgj-^JyL Cg .&■* 2s 2 2p 6 <^llill J ls 2 lx 0Vl 

llfj 5 jj Ji» jAxH^JV I Jj-aj Jjj jjAjLaJI 

Lfj (ji aa»lj 4 jj>^I] M ai lt <jl Jaj j>i£)l 5 jjl jlailbj 

jlaul Jjlj dial 1 Ijlj i1h«l j5£Vl Sjj Jj-» j j > L m t> ^J | ^uu*i‘il < <alljjl 

< Na + 01 <u4^jV I S jt irtll l jlfc tjj &ll ^>1* lull Uuj4-u jjJ£J ( j I 

U*-f ji uxLijjJI Li* Jj-i ol^jjVl C/J < j H I y ijll iajlj_lll (^» JI (jjSnj 

L4J4-C ^JL* I oL^jjVI <illUI >*11 

LJjLj ljJL« oLbfVl (jj£ jl vJJ jJ < “LJLi-hj <1^4 ^ajIL 

OJ&4J k—i j-iL£ < CLm< <j J fi > - k j <jl <S^ * tjl (_f* 

.simple cubic U...JI ^uafiii ja <*^1 ^ 

: ( Molecular crystals ) 

1 Luj^fk < 1 j(jLL^j <44! im'ii SjjJjII Ciljj . Jlijj ,jLi 4_gjJU Ujk JajljJlJI (jjSkJ 



oLulxi , electric dipole 4 i ■ ■!»* ^jljj jj^j Ului c*l *i •> <* S^ell J« *j“<j 
< Lall J j^uLt ujJl 4 >l*i > 1 1 CilV-fc i»ll q ttii t jj l > il l Cil jjll jJ u Li >M 

4 * h ^ 1 1 itJI jJlilJlj yjLaJjl {£y* 3>*il {j* 3 1 > <i *> 1 1 <^jLj | ^ ll (C 4 -ftll 

CjUa-wII jc iftllaJU C *1 1 •fci 4 *>11 j-lLull ^Liit j > ^1 u<XaJI ■ 4^.4 1 >i> il (j 

.<£UHI 

u* !_•£ ; jj * • ^ jlji.1 *1* JL* jt .4 irt*il (jjSij elil(j I t j> 11* Jojljlll jj jSu 

: ( covalent crystals ) MuaAIwuII — -A 

elj il muj 5j j j ^ t jj l > >11 cJjjll Qu ^jjLj i^II 3JUK1I ciljjJLII *x* ji 
<JUj I Jajj liii^ ftj j eUj JUL^j .4ua.jlaJI l+jljJLi Ctljull (£4 Ct Ul jJ ZftlV I 

oljj cife'itS I j Li < oLyvTClj CjjLu eeju mi 71 ^jlll <_uLAll L^l^-JLft o L fj 7C 1 I 

Cjuj j J£ eJ^ILSu jjl (j^«j (tjljjA o_)ft<-£ olji j-4jl /)Mj$ Sjj J£J jj jSu jjjjjSJI 

(4 l il f u ^ ■ 11 -ti l ^ ,‘iu ^ll oil j ** elll* | >i d y jjl >> * 

dl j JyC- *1 iVtJJ J It 1 114 ^o^jJI 11*4 tjftjj Ou J ^ tuJ« L l^l o Ut M Sllj 4ntft* JSC. <_>Ja»jLUI 

.0*111 <Jla» iji l*£ ftjju£ 3ftft*lnu ifji 

: ( Metal crystals ) c.UA« - j 

CiicVl I »ui < <fta>jLaJI <iltVl oLoh^JVI o* jji m JJAj o l^lil 1 

U4 (jjlim eilUj • ILju 1» S l^ilL <ja.jLUI 1** <aju£u» ^HleJI 

LL^JIj oLjjV I 0^1 i_ijl.ni "Jl (j < CiljjJI ft 1 * oljjAj L> j ->"i CiLt I (j-* 
<jj-a I 4 JU <Jeul^ll ft 1ft jj «Tjj . jlftll Clljj Cfl-f -Ljljlll <IxuLiiVI ( jTft ftJI ^jjk <- M 4 M ^JV I 
hIjLuJ i oVLJI L*£ < 1| il* (j oljUl C^j jluL^* Jojj ell 1 flexible 

.<4 <JLuaJLI cl^.Jlj ,*i 4 jV I (jrU JojjII Sjjjkj Lftjjj 



:(Crystal structure) kjLai\ u -o/o 

LpUk < l alalia Ltoj J^l > .-Jj ill . 

uujjall j j « *>jV £J j-ill Z aLaJiVl^jl y «L^jVI jl X »1 ? ~.V I 1 j i a ^ujl Ijl 

Lfl* < JiLU (Jjl A ill <-oLi — (jljjVI ^ 1 A lj— « l*U. I I till .(£jjil 

lailj (jjSij S^lalilll jjl^oaJI jLul (jl La£ ( (j^-ulilll JJX. ) (jlj-l-^ I_jjil (j<* JJjJI 
^kUxuij (ja j_ii^ JJX. (ja ^ i ii -^11 . £ Ij^ll *L^jV I {jwii 

.( t - o ) la£ 



(jl 1 1 a tVi i a Lu jj JaLJI (j*o ( j-il^jV jjc. i_i i*ijil ^ >i ii A i i Ciluiljj (ja ii l_^j Ja^j 

Lf-U i^ujU (j| (j£aj < £jj| Ifiiljj jklnJM 4 _aJeul <* mi iaii «JllA 

< <t \ J J f »^.*l | J I5J I la£ £ I jil I jjJ I » I~*» *» « Ljjjj Jail! I 

(j a >_ i i > jJ.I jijnuua O Ij j ^jjl I^j ii *^~ill ^Uoiil <jj^LJI CaiaiVl 6 ±A full (j^j 
^Ij i^l (jJc. Ciljill Cji ijljl! i»i « JLi (jic ^Uaoll IjjI Ctla^j . jlc Ci I jlil ) 

: (j 4 * JL>^ 


\Yo 




<j-® jjJtj J£ 'jk * jj iXa^j : Utmil) — I 

.(U-o) 

y/i O I j j — 1 1 J ) oL*^V L i, i 1 1 3 ^>* u* »j j i n^l I *1 • ^ “ «^‘l I — vj 

■ ( u l - o j J^-ui jyi L*£ <<pL«!JI jjlikjVl 

lP! “Vlf Sjj <e^JI u-* <-?o (JS (_,!_> «<~JI - _a» 

(^.E-oJJLi^L^jKjVl cljj 







1 \ 

7* 

f 

X * 

"K\ 

i ; 

/y 

* 


*z 

■ \ s s 

-v J 

x* 



\ 

— i 

/ 



bc.c. (<-■) 

Cl-fl) jd-i 

jLajjj i ft jLaU ^ ty Ll I ■ “^j*H judl * **» ■ • -»^ OuJuVl <ii^la ftjlx » 1 **- ~ 

.HjlaJI *«A^J < _|i oljOJ I 

ij^t.u (jJjt < L|ulj j ijjj JouljaJI ,jJc ijK i.i-^Vl (_^o I 1 »* «**(j 

i.iiijj ^ I «~i ~»i » * t In-fc I 1 .All .1 *i ft~i L*j jj < t |i^ft oljjil OliLl I ftXoy) 

p ( Li-fcV I ft JJl itJI ^ILlli y.» ) mj lu < oljjtll j^ft^JuStll £X«LaJU ft jjl 


: Ju Uu 

: ^ L»*l>ij >U»ii - i 

,<JL J\ iji 1 Jli <j&* tr^ : ( Vacancy ) S>-iII ( \ 

.^»iti <JaAi J i. i tJ V ciljjll (jM *jj ( interstitial ) | Y 

^L«Vl oljjll (^ftL *jj (jJO (impurity) ^Llll ( X 


: ( Dislocations ) cjLoLaJVL »LL^) — v-j 

<3^>f <-» » “ * . * -KV* J W-^| 6* l— <^>L #U»^1 j4j 

JJ j ^c. ^* i ^ > ^3-^ o'** ‘H> La * jl ( Edge ) £>UJl kiil^ ,jc Q^ii 


&^<3X» (o-o) JIa^LSC Screw) ^ 



( j - o ) j^T ^ii 


ijjJAj (j| < iZj Lc^LLjV I ^laL^s L^j| ^ic. gJLu <j^Ja*uj » Ua^l — _3k 

^gl jl (jj a. Ml SjjJLJI ^IjJt (J i ^n-vn LLt^lj < 1 ». -w. L . .. i U-L .-. 

■j^l j- 9 ^- 

: ( Elasticity of solids )'LLo)! ^UaVI -*\/0 

oSj-V. < ^Kiil ,jl 6 jLjuI ijA j tit 1 | If 1,1 lid* jk.1 II A ^ic. *J * ■ ljjj| I J I 
<Klt) LaL»J jk fc»»,aj I jLjLLwjIj 5jl(jll ijjtJI cJjjl I jli l( ^A«.lll I | ■ ^ a J <^ol)L 
J)LSk <K^J ftjLul f l.l -^11 J «~i ■ ilj lj| LaI < < 4 <y ll jklj aqfyj I J)| : JLL ^Vl A a% 

\YV 


i jl&ll IjJLlI OJJU I j| ujLa ^ j * * **- 1 1 «■ I ... r V | , LSul^L ^utaJI 

f LLaV I ji j jttlf oil 3 jc i^kLu^L i til iiiiaj litUjj ji i ii ^11 <ljll 

.<LIj ( jj < Li J J1 

: SjLi jl — 1 

• f « »>M jUuI Jk Ij4*4 tiiOaJi ,jjJI (jjitl jAj 

: Cu«li — s_i 

■ iidsMj f ‘ * n> J I JJAJ I (jjill yAi 

: Lijj *3 

. Yji» / lA>^ f * » (j-» oLa>LdJLI Sd^j^^L %>2)l jJk dlf^VI 

: 55 jl 5 

<JLL»i.J jjc Ui t -^11 olLj^ jLul %jDI Jaju ( j4jJL j!< >| ~ N 

die. £tdJfc J Ui « ^ | ■ -» * ■ Oajjlj ^Jfc S^lll J^JU jl | ^ j — Y 

(j t ~I~*‘ 1 ( j^yt ■**■*»-" 1 “■ ii 

SjJL jjTt 111 joe. JLJI LS > ^ i H %ll L**L« ^JLI I <xa Jt ^ ^a2 j! | ^ j — Y 
. ( *\ — 0 ) Ji ilij £fx« Li <Kim t <Jdftl2 <*im i_ni a jjie 4 jxuL« 





c *\ — 

\YA 



: £ ljj| JJ ^ i JaAj «iijlaJI ^ u «*J I jjJull jJl JUilVI 

/ jjJLftVl JjJaJI ^jle. Uj*uiL» JjJJI ,ji Jjiall (jJjla JUlil — N 

d/ . . 

e = — :ultfl 

I 

dV 

-y- u-" jAj ~ T 

< % J*li ■ II >11 ^Jeuui jjix. jfciAj»»-u A JaJL UbjjJj ^ji\ i 6 U_y Ll <JL*_Ail — X 

.^ui jjj'oI 


: ( Hooke's law ) “V/0 

! jJc j^' 1 * ^iwmL 4 _*jAj (%j j U Jlw 

.a * ■ — ^ ^ jaJI iJ^Ij SjJotlll JUJuVI oL£j«» LjjJa jl+^VI c»L£_>a » 


^J^Iaaj ,-m,t£ll cuIj i— I^a^j 

( V — o ) Jiui . dtjJk y L-S L*, t juJ- U j. j ^jill <J&ilil j-* Ju-ll > >l lj 

<■*11 . » L|aA { jl <ar (^Jall JLaAjV Ij grU <i^L*JI gMJ ^jjl <4jjl I jl^u 

I ^JlAliVI (jl Jn -y^L . I 4_AjJo Jj-a <m aj ■<— iljJa ,.t -y I Qiu « * 

till Jj - »H - ■ .1 1 ^Jfc £jljJ I JutJ I < jl^ *^V I L JjJo y^u.4jll a) ^ < ilmill <1 1 U~i t nV I ^ 




• ^ JJU I jjj 1( jLt jV I < InjLii ULu^lj jjjil B <Jniti( ^Jc J^ilaj 

fclftJil jji JLbilVI Sj!^ll aj-ill <Jlj] <iLi B v JL* <Jaij (jJI Ju^j (jU jjjil 

aa'' ^Uuj <!• ^uij jji u*a j a'' 

Jl ^,h»*i^ll (J^Lm jL^«aJ UihOj J-i 0 <ia2UI jl,| ? V1 Jbj I jjj 

. jhXH jl^L C ?ir>a‘J 1 jit jL^VI CuS ijLi JILj l**^*-jj i» 

{ jAj ) u^yi J U^| u - 4 (^*1 >“*£ tr*^* ** 1 >M < 3 ^“i 3 

jlfri-^j jm&JI jlf.r^j Lj-ji la ^ll jljil ,ji& jllnj 1 •>_> t <jjill jljlL ( B <1 hA11I 

>j£ju Jit I |I f^\ AilliJ (jl J*t i I L^jI j| M tti| II (jltjyi 


: ( Elastic moduli ) Ci^UUu -/\/Q 

: < 1 jUIL Lj-oLj JyA jj_>jL 5 fjc jjit’ill 


j^VI 

cuCjlJu = — — ( 5 - 2 ) 

jl*i;Vl 

<jlfc J^lioJ cLIjJj > <JXfcU ^>4 IjI’vAAj ^ SjULI <iU-Ja Lf lfc Qj(aJ I jljJll I— M Mj? 

!^jjk 1 i Aj I , La^jj vlUjJ JLt t.Vl tlUjjk jl£ UJ ■ <L mj 1I J*L«^ 

• ^ *}LtUj» 

E <t()iJl J-»lt-* 

K. <OA^J I < Jyjl. I J. ..alt.* 

O jn ill Jtlu 

: ( Young's modulus ) J-*U* 

<a>. <JjJa ijlLo ijle. < Lkl^al Jjljjl ni l IjljuLt (jl^jLuujL* Ojll I jj 

: jA E J-*^ 1 - 4 UJ&i ‘ ^ J 1 ^* * ^ <lUa!Luul J] j ^u4j S <> Uit 


\r. 



E = 


F/S 

MU 




- (5-3) 

I 

jl j % ll 1 Tfc 1 111*1 Ijlftf J_«La_A jL^jVj 
> t ip (j / i*ll < <i (jt tj I * ** ^ A ~ o ^ 

a JLSll j^aJI (jjju < F AjJai 

a a clljJ i.ijj < Sj-» <J£ jjji oJllH <JUajLuiVI 

<J i l f>"> i i ll jj& C ^LJLlI ^-Lc ^l^ij C L ijtj C ua 

^ I J t *1 1 <U 1U~ ,,■*>/ 1 i>mj * t ^ * tu'* * ***^ 1 

E J 4 U 4 jL^V (5*3) <IjLa 1I « , .."(j 
n F/S 


E = 


M/4 


Up nr E = (M g / 7C r 2 ) / (A / / ^) 

^ > -w~i dLLuJI <JLUII <Jl£JI M 
^ E^f *-ULj— • cilj— A/<JLLL- l«I 

I V JIajuVI j’l j] XjJLa / <$1 < jLf_^VI oIxao 

( a.o)J£A jLl . . 

£M Mg : (r_o) jii. 

<LLe. Luo Jji Ci J4 1 < T^jyu 0*1 OuIaL* <akL*i^3 oljlftjVnw 5 <JjJa «_aLa!I {y* 

ltr L^Vl JL>laJI t>3%<J*uL <|>L 

E = 2 X 10 3 i_i_t>.~> tJ I SjUL iJ^Uw ) . J£ jjJc Sj^>II SjJLlI 

$ ( *J *■/ (XUfi 

: J aJ) 

:LJuJJI jt^VI 

F _ A/ 

T = e T 



: ^ *j$>U *^1 


F = E — S = 2x 1() 3 x 0.03 x 0.1 x 10 4 

l 

= 0.2 newton 


( Bending of rods pUaul J^Uu 

j-uG i~i -fc’i jJilj ABCD i_ij lA * j.lc I 
■" )J Xt i_u. iJ\ Jail 1 1 j I <lt glli < jrljJjl 
. ( \ — 0 ) l i. 4 . . X Sjllj ( juj__A 



<JLl jll I <il^ljJI gjIjjJLlI 

■loll -■■A'i j_ull Cili <_*Ja Ij » 1 "hkW I j_2bj_* f^yk 
tiiill ■**■ * ‘ I »* »‘ < I | ■*! ^^>1 . '■ 

JLu-t(j uk Xa^jj ■ J jlr>l i <i~» Sxja .il I gjlj>Jull 

‘“l ? J ±-»- * . » f- 1 v u_^i_iJI 

^.A.. .ij Jal. Sue. 

.MN JjUUI 

j^j—o Joe <Llii 4jjljll ^jlj R jJk JjLalljl Lib ill^il jJai v jjl 


({) 

. JjIajJI U*b jt d iilui .u >1 ^i)l PQ * *»■ *_j * " j“* l 
RQ = ( R + d ) $ JlJtJI<«ixLA (> 

• * IiajV I i.ui ‘ij PQ CujuJI <lllaXi-uV I jljyU Cxl^Li 

(R+d).<J>-R<|) = d. (J) 


\rr 



<ILLlxuVi 


L| luaVl JLjioJI 

d (|) 

R <|> 


— yj vlijL^JI JUiiVI 

d_ 

R 


F Sjjyi ^*)^ j « E ( .ij »Ati i s jLt a ^ Lp* * i • oils* i jjj 

: (J j» <JjJk JjlliJ liij <Jllr>1niV I 6 j^J <ixu*JU 


F 



(5-4) 


F — - n d — J jtxiJI jo^ ^jUI *jji jkjc 
R ' 


Ji ^> -k > i_i j i A til jvjIjjIi £, j.a a . (jit ftjJUl ft jjk Jj_ 4 ^J4 ^ ~ijj 

liua. Mplia^U^I 

M = Z a d 2 = I (5-5) 

R R 

>1 1 ^UaI ^ << 1 , 1^11 ^.jju I — X ad" j I jill y.,t<ujj 

^yjl jJI jj^xiil ^jc. £-jIL <_>M-ftj J n-kj <1 I JljvbLjj ip ll-utVI 4 ( jic- ^4yj*x. ft 

Ia J.JU £-iyA { ji <j|j lA a a <a( h i* Lift { Jjk 1 4> Vi 111 I yAj i J-^lj | jj Lft |> mill 
£*jj» (jj <L h ) il ft m Jj»L*Ju Lula jnu^l jjll Ul jf mill <J L^. 'jk LaIu 4 > »aJLI 

. i » aJU LftJftj 

Ja.1 {yk • j> Uj1i\j ■ a ‘ a ~^ ■ p liajVI jk jjt (jLiftli 

< ( \ • - o ) JUJI^ l»£ >VlkJ>ll 



X 0 



o t!» 1 1 k-ijJoll ju i\j <<i^L» .U& 4x1x11 3 trC II <juwiJL ijjJuj* iwij i Ail I <J2£ (jl 
.Oy <xLc ^Lill lx 1x3 1 OX ^^xiVl *LaJiVlj < oLuIxa^jU lj£j^ 

<yi CjLjI jjjlx >jj < Ij^Luai tliauVI Ijjj^ R. fliaJVI jioJ i iioi jjlSk I j| 


1 = d 2 y 

R dx 2 


.*LbJVI 

(5-6) 


j . > i ~ X uLwu 0 j<L JLI (jt j * i*i P JL* <Lij jlc . ii .Atl | . j * ~ ^ I 

f>£- UL>^dJ • vju-i-i-ill J>lo jX / iuA. - X ) ^ JiiJI U* P 

: jX <JaijJI 6 jjk ol& i.n.rtiH ^ Ini* (jic. S 5^>i] I 


,jySLi <j(_i < jjlyjl <JL^ jji uj lA >il *y^JI I jx M — W (4 - x ) 

: <jl (5 1 fje-j* <*jc jrljJjl jjjUoxj Uilj 

(5-7) 

: Jirt-fc i (5-6) <i>lUJLt ^Ij^lkuLu 


M = ^ I = W (/ - x) 


1 d“v W 

R - ^ -Te *> 


dy 

dx 


W 

IE 


( /: 


: ^,li J-HUI 


<^j15 5j- 4 J*»l&ll * (jLi — — = o X — O ole. 

Cl A 


) + constant 


-.11 .-..I*: • 1 1 ilZ. = r» •. 


: oU kjt+y 


[y] 0 = 


w 

IE 


• X 2 

~ ' ~ 6 ~ 


+ constant 


= *> 



5 


w t 7 ' / 3 

“ lE ( ~2 6” ) 


: ji i ? ijiAt|l <jtfj ji 5 jlil* (jt iu iilljjj 
W/ 3 


3IE 


(5-8) 


jll m >11 jjLi [3 <i*tj CL <juajx. ^ Ini 1 1 JjlVi iu<i i_g <A Hi I jlj 

1 2 

I = ~ y 2 ^ P : iJjlxlH <,1 >a, jj 


6 = 


4 W ^ 


• LiajV I fjjSkjy 

(5-9) 


E a 3 3 

(jjlol (jc. ^jUI uj i/i ill wijJo 5 ^^LLkjVI ^li. ( iUf g\y JaIju* |j* <« "(j 

w = m gjLu.1 Jj^la£}‘fL* m J 35 

iJJjj ^i.AjVI <laui jj-4 g «iu 

E = 4 m g ^ (5-10) 

5 a p 3 

JLSjI ^ ^ i i-~»l - ^le / <(jli v„“ -* J* * 1 - ~ < 1 U <11 ^-^jj 

jjl jLlLcL <41 4j (5-10) <1jL»JU JjJju laj «lijLaJI (joll "fcjVI L-l^j M >io*ih 

W 

— r — jlailL <JiiJI JIjILlJ i y i>j < : <j4.Aill < iirti | _ f Jc JyljJ.1 JiaJI <_i 


E = 


mg / } 


— jlailL JjU\j 

: ^ic J.. nV t (5-10) <J* 

(5-11) 


4 5 a p 3 

: ( Bulk modulus ) ^-OaM AjJJ-lll 

(jjij oljlaJlj JjljuaJ I <JL^ <»aIj 1I J^yu^JI jjilj ^>1 1 u^Vl 

■ Mjliirtll ^UuaVI yi ^j£ U^utau ^^11 ji jiutl 


NT 0 



SjLj — aJI jji * V f “ * *> ^ f ? U * 1 cA>^ 

AV ji APjbi«j Li « Al I 

(A V / V ) ^jluu ^ a-^--v] I J lajW I 

jl^VI 

= K (jA^aJI <A 4 vl I i„UUd> 

JUiiVI 

K = - v (|^) (5-12) 

^w^aJI (jj li^vt'i £jj^j U« <Al I 'ji SaLjll (jl Jjj <ulLuJI SjLiiVlj 

: JU J 

jliJI ^ji jjjull jjlil. Ijl At, thrill uaj < jUJ ^ ft'yaJI < 4 4 ) 11 JaIaa ££j 4U ale. 

<XJ j] I J4*4i ^^*>1 1 JXLJU jjl jl 2 J IjxJ I <AJ J C<>44 £A ^44 I U« <Al I J4Al) < •> jTl 

£_a LuhJjfcl jliiJ <j « ^ -fcl I <4 4 jaU jj^LljUa AJ-^kJ viilj ( jlc . 2 j I j_aJ I < J.n ^ C(J4J £-4 

. ^jLujV I JaUIL jaxVI >— 2jl^xll <u^ £»• jJLV Ij <a»ja) I C(^44 

J ^>4 a>iUJ tSij <JcJLlA £4 jU. J 4 A 44 Sjl^aJI <XjJ C<>A 4 J 4 C 

PV = constant 


P + 
P = 


(J-U. J I n. t jk^'fcll <tm*JL <JjLtll <JLuaik44 

V it = 0 
dV 

V 4L = k t 
dV 1 


= K.„ 


. jltdl U« 1 J» ^jLmU <4jIjX C(>4J ale. jUJ ^a-^%11 < 4 4y l I JaIaa jjl (fl 


iljlxll ^ m lr>* i Alb <i^lc (jl* JnAiAil #Ljj| SjljxJI <XJ J iZijjju Ijl Lftl 

PV v = constant (5-13) 


CtXJ klilii ^ylj Ckjjj Ifli I 4 lT>*k’i jlxll <qj^jiJI ijlj^JI j>U <.J I ll'lll { jJk y = C p / C y 



^n 



7 P 



K 

<? 


: (j-lc. (5"13) <JjIaXI 

P 1 V *'‘ + VY 7S7 = 0 
dv 

■o' iS' 

(5-14) 

7 P jjjLjjVI <<5jJU JaUa (f\ 

• JaULhAjVI JaIaaj J-»Lla t_oli* 



: ( Shear modulus ) dU j\ J-aUla 

jl&JJ jl | yi\ iiJA j l am ->i JaL*1I 11a » ^ 

• I jLi <*jLajI (jjj ioJLi i K mi lj i i i 1 La ■■»<» ~h ^Jc 

c c \ , * 

"7 Ljj(j l Cj-tU {jA ClM <1 Jalioll ZjA I I 0^ A ^ll-A LIaAjA 
/ 

/ 1*1 4l^it> ^l,< pi ■ ■■■■•■ <j i mIm u lall 4 > Ini ii jic 

: oj$-i « ( N N / o ) (JSuSJU ££aa 
.^jjlull jjjaIIL 6 ^jLuai (^>^ 1*11 JL«jjV I 

%lfi 


jLirti 


— G — <4>UJI J^L&a 


G = 


(5-15) 


e 


. S <IaLua ^Lui jJc i J&l I <ji mLaII aj21I F 

: c!Um *1 J-aIaa ^j^ju 

* 

.jja-Ua (jii— Jl lfi>L (jit Joii I U-*^“ u-* <1 a1a <il>J*AJ jaIcI 

, <L lj U . ..V | i J lalj I i 

(^au^j x L^^Li | \t - o J ^jc*. ti L«^ ABCD LiIjIvdI 4-fc i nA ji tf. I 


\rv 



F(x) iji 1 J&j dx 


F (x) 


2 Ji x dx 


ijill 

LtUll 


= 





J1 I ^Iftm AB JtaJ I j I jAjli 
. AB S j-^lj J1 ■ *WI xtu 6 jlj 

j£>-» Sic. <{> «(^)l j J-uu B B ' <j1 i>Aj<k<5 

Jji, ljl_i .^JL-^JI ^Ij-LJVI ^UJtl 
jjM j 1 II tjj-la (jt i I / <— il> I n <«»VI 

x <j) =/0 = BB X 

jl 4 ylfl <jU N id mil 

: ul JUiiVI 

G = _FW_ 

2 7t x dx 0 

** j _> «»Jt ij^ll F (x) 5j_iil ^'i »iu 

: ^ ABCD 

F (x) = 2 7 C x dx G -^- 

l 

: j Jk <jl v >k*JVl jt^a -4 Jja* i^ill *1* f jft 

M (x) =s F ( x) x 

2 k G <b 3 
= x dx 


cr^ £>•*■?■ ■* <il^>L-u*VI <LL4i c/ lc.* >i ^^3ll i>ill 


.*. M = I M (x) 


_ f R 2 tcG 

" io / 


x 3 dx 


SKA 




M 


(5-16) 


7C G <t» R 4 
2/ 

• 1 • — ■* R iua. 

Ai t ^1 1 ^ (jmLuL >*ll «<J J4 UU jLjV <1jLaXI *jji ■ -~y 

.( Nr-o)JLAlLc^tl 



Oj_L ■*“ ■ “ I O Ji 6 <_hijL JaI <~>J[^I. J4U4 ^UiU jljli lilliull ■♦• 

jlja-* ^*1 Ki *lijL Jt^n < JajA I |jlfe D LkjiaS <j|jl» ml A jiV I 

ijlt. <a£JL <JLuajI JJ Ju» (JS • JLSjVI U|i 

^jlj jttLui 4 ,'ll.JI ji Ait iwj iju_i£JI m <1 ~l ^ 

. <i(^JlU44l ^jlx. <llii4 M SljA jlfi S J it 4414 j* Julw 4J4« ^UumI ^LlUlljJ 6 ^| l ) fc j I 
^jjlj % »■« ^uLiil |^|c ^Lulll QUi . juLidi ^Jc iL\ 4 ta^l I itill jii^I » 

m g D = L> «illAJaJLI^I>OVI r > 

: (jj& (5-16) <!jU 1I j*i / <|)L R dLJIjUi > iirti Ijli 


^r^ 



( 5 - 17 ) 


mgD = 


tuG <|> R< 
24 


,G <4^LuaJ I ^Jfc > (4I43 

: (iiluJ A^L^Hj Ajj^I ^L*Ul4 C^Cl 3jL*jIaJI 

jLlkVI jILJI Ljji.Ar. * {yk {yk J-laill ,yu>» eg U ‘ Ai j. AV i 

■ jj^aJI (3* yjjjljli <Luilja <^3 «aJLI | \ l - 6 J Jliill L«^ 




) 


Cujjjj <SjAi 6 JUj < 1 « | }Lij l 3 <uul 1 » | Quj^Ail I ^ 3 ]* >_u >Ij Jut 

<£>■*> ijl (jl • a j$-u* <JLk yi 0,0 jit i^ttbAjill l^5k>» (jiil (^ v “ h > 

.Cijt jjjIj o*fc*i (jj^jillluJI 

E v ,2 
¥ Z a d 

*Lu>jI 3L1 > i i t i £ x )£± * 0 <^jlj jlj ui iyij 1A1 jjli I jl 3 / cILmJI J3L I j] 

(j-'-mIj J 3^ * (.Ijiti (J^J Jjjl jjl JJaaIH ^.Jt Jj I (jl£ ! j|3 . R ~ 4 I 2 0 «ill a III 1 

: <£jtJI <1 j(jla (jj£» * j$>*J j-»j 


I 


d 2 0 
dt 2 


c V u2 

' R Zad 


2 E 


I a d 2 0 


U . 



: < Ln ii <JjLu* 6 


(Ot 0 


CO, = 


2E I a d' 


4 K 2 


<J jjjJI j T J <£u S 


T, = 2k 


2 El a d 2 


X a d — - <1 ^ m.i i | II (jjl jll jj^Aill jijx jji ^jib >*l l»iJI jji Ujj 


<J jj jj I (j>* j tJJ jj 


T, = 2k 


2 I / 
Etc R 4 


E = 


8 7C I / 

T 2 R 4 


(5-18) 


J **l iTii-V^j ^ in>fc ^ JjJjj < I*.ll>4ill I SJk tl G .I^JI jL^jVj 

ale . ^ \ t — o JlLl J jLIaVI cuJ dLuJI cIsmIjj ^ < Lu&ii i^‘ > ‘-» 

. IfjJjl*-* d <LU!I <jljJAiduVI Jjic. ^ (jjjlj jjuLill 


M = I 


d 2 <}> 


0)i = 


71 G R A 2 i 

© = - COt © 

2 l 

; ij* ojfcj 

lc k R 4 

VT77 



l+l tfjj* 4 ! I <> jl I 


T„ = 2 7t 


2 * I 


G = 


8 k i I 
T; R 4 


nGR 4 

JjLu JtA'u <IjUII CyM 

(5-19) 


•yljjJI iW tJ I_UI AlU I HxAiJI ^>jc iwllutS^J T ^ jjtiUlU dl^J 

J^Lx^) < j jj JLI JaLju i^U 4 1 1 ii *>1 1 jLa^l J^xw < A» J qj uJijijll <JLijJu >jj 

dJ<4j • «*1 jJtti <-i j_*Jl j] I ijjljJI jj w> ill fjc. uLw^l CabLaJI jjJ »3pt. «*JI 

• ^1* Zj.M.. (5-19) i (5“18) (jruljtull <awuJL 


E 

G 


T? 


t xjtf }Ll*_i . 


(5-20) 

:( Poisson's ratio )y fry* 3 fuo 
i/ b . > . * » “ » > tfV (sbia-ll JLa-iiVI . *» > 

. ( N o — o ) a^LS JLji» join »*llm J 



jaj a *i i »i 1 1 JUijVI < i m'll I l^ib Ci^LIju JLa>l < ,'t m>| u t 1 1 >ti 

AR . A i 

7 R- / — (5-21) 

, I ^Jc JL^JeJI jjif jJail I > . i ijh ^(jjLaJI ^Ij.j j>.lll A / , A R £ll 



J »**■ Ij < jlr» >11 «rt> vilLJI <11 ln*i Mil (j I |jJc <-Jl. mil 4^1, mV (j 

jlxil V l y < i i n, \ j .< ‘ lli n il jiaJ > tio'i Ju.A tf- «iljjj> <|^Ja 1 _^aJLxJ t’lli nil lr»> i,rt £> l«ix j 

. <J jj£- <Judni lfj| jj I 4 J 
, JLxiiVI jAj|j Ja> tlutj JJoj illlmll ^ jjl 

.*. V = 7t R 2 i 

: (jic. J »^Tfc~) <JjLbJLI <U^Ux ^3 

71 R 2 d/ + 2 71 R / dR =0 

^ _ dR 
• • 1 " * ^ _ 

/ R 


: dJjj ( jj &j 

dR d/ 1 

'-■T'T ‘2 

m * * 

• 0.3 (jl l »a. Ci I *^lill p y ^u I »t < >i n' t ^ I U l f jij 

cj^uiu (joj ts^uii 

(Relation between elastic moduli ) 

jjl — - jj£j <_>jjxl <iyi j >1 f IjtXa^jll 4 «li A J[yla Sjlil ^y» 1 j J u " t i* I : Vjl 



x,y,z oLulaxl 

(j^aoj JS F iji Ljil llil 

,(\*\ — o ) J£ill 'ji L£ ix* l> ill <x v )Vl £gJLL>L« 
.^LJI JLxiiVI = 5>ill »L^il ^ <ILLL^VI 

F 

.^jDxll^fcijj^UUxEiufa — 


Y . -g* — <JUalmV I > j^J mil ^^jxxll < j2>la^tVI 



( 1 + — - 2 y ^ I J>L .*. 


; >4 *-*£11 f**a> ^ j^illl 


1 -d + |-2 7 f) 3 


jjJuJI j * • ^ \j i d[j^l ji UUJ I \ *hH jjji i^i ^ “ JULVI jLitly 

: JUiiVI >4 >-*£11 ^ 

1 2 Y 

3F( e --T ) 


^4 K ^ a a-J I J-*!** Cx&i3 


K = 


F( i 


2y 


K = 


(5-22) 


D C 

(W-0)J££ 


3(1-27) 

B B — F*. . ^](j a 5 -u ,yij ^^ajji <j>uil : LilS 

^.1 . 2 1 1 Li . ..V Ij jjaaII (jl olxiV 

,j£J *_*£ll <^jl j^i jil t*! <<Jc iji 

< Luftliil ^ilL <_Jc j jVi .~J I ^Jxi ABCD 
>ti « (j^ailLj < jlr j jYi *>11 j «j A n B n 0 D 
.0 <L)jljj L )A(j JIa4jI £<>k>j «(NV— o) 



r-a * 


>7 



mon 




[KH 




£ 



C jjLill iaUuAil B x D^Jaill iji <11 Iftlml JUiuVI I<l4 «_^Lb04 

1 BB X 


V2 BC V2 


1 Q _ 1 bb x 

2 2 BC 


B N P 

= >411^4 iULi-YI 

(5-23) 


Mi 



■lat k nn iVI (j) oLu] tj Jloij . ijaaII J1 . • ■ill — jJttill t jk <J l Lii. m'J I 

0 JLaJuI jjl ^^-uu liAj .(^aaII JLuul — (^jL***j A'' CjJajjl —’H 

— 0^jL«u isAy**- u >» ■« » JaU<A*tL — 0<>w<i‘» <]Uaiiuil L»Lm 

<kc.Lo < c^LLSlft Lr lc SjLi (_5>a <jic jl^j t_u£ll jjl jjVI ijizjik 

cA oMj** CAf?o 

F F 

7 -£ + -£ ^jUmS <II UI < < 1 VI 
F F 

tjljjLmJ La4.il (J I tjijji m* > a Ia4j 7 TT ■*■ ~c tSjL-^0"L*iiVI 

b b 


G 


0 <-j_)lj *j-ii L-aJ 


P / 0 «L}L-aJI J^bca 


e = 2 ( - + V £. ) (5-23)a->^l<>oSI 

E E 

G = - (5-24) 

2(1+7) 

iiu <JbL«il {J ic J 10 v*i < (5-24) i (5-22) igihlsll 

: oiUlx* 

c 9 G K 9 G 

E = 3 K + G = 3 + (G/L) (5_25) 

Ul« . AW< J^Ujk ^jl (ji 1 u a-^-JI »_^]ia ^jLuu Jala <oWI J^Ia* iu 

1/K = 


Mo 



<](Ul VI t^HwLxjj < A / •■■! vilij / <JjJs ‘*11 “• ^lc F $JjL lijjl I j| 

>*fc *>« F 1,4!! 4 jJ ^jJJ 4.4 jj SjJJ I Jal . tiljJI (jfr j LiJ LjL^J Sl^JllI 

.( \A - 0 ) 16 Jl*iWI 

X JJSJI = JlikiWI £jj i *Lj1 JjjjJll Ji.iMI 


<iLUI 


\_ 

2 


F. A t = <illa!L-uVI X SjSJI = 


• i.lliuJI J&b oUall A«m 


A/ 

F / S — H : »4>* < aV ^* 4>» 

/ 

F »^2)l (jill ^ 1 < i* l 1 (jjk S 
: S / >*.IL«JI 1 1 <iLUI dlx ^'i > S j 

1 1 . s/A£ 

2 s ' 1 1 

ix^^i * '* j " ^ 1 <iUJI (jjSu S l (jJt <4 »ui)Lj < ( F / S ) «i»j jLf^VIjjiJ 








IaAUjJs Cuj jLLaI 5 I a|*ia JS Jjla < JuJ^JI ^iVlj ^L^ill qa LaJIJ^I ^jI^Imj — \ 

. ojl5> I j] ■ 20 <ft£ jjkVI JjUU.1 <_i^UI ^ Ijl* 

. T ^um 0.0 1 1*|1a j* lr>l A 

(E ( ^l-* ‘>11 ^ — 10 ' 1 N / in" . <JUajLuuV I jlji. ja^jl 
% 

(E ( JU j-aJl ) = 2 x 10 11 N / nr 

: J aJ! 

d/ J^lj jl.UA.t <jj£LJI jjA d^ Jjln’iolj 
F — E A — : yjk Hjjc Sj$jJU S^ill t yul*fci>ll < >«n‘>tL 
F j = E j A <A*. Sj!^ll Sjill juj~fc II ^ imiili . n 

F, / F = E, /E 
.-. F, = 2 F 

f !>*► >1 j^ 20 Ji5 ij-* Cg£LJI fjlc. Sjl^ll <J£il 

F 2 , F, 

.*. mg = 20 x 9.8 = F, + F = 3 F 
... p = 20 N 

<JUalh4iV I (j« £j sJJIm 

d/ 0.01 in „ 20x9.8 

— x — - x 10" = - — 

5 10 4 3 

d/ = 0.00327 m l*i*j 


MV 



»La*jl .JjiS <jaodul^j i.t nil (jajAJLtj L_mjI j ^JjLxJj *La Lfj <*1111* — X 


JjJa jl J jj 1 urn fjju 0.06 jljXu JiUi uaj £y* jjJtl J)U L*Jc . £la/>il (jt-m !*J 

.^ut 0.04 IflaJjalll £y* JL* 

: J 

V — Tt R‘ i : CuIj »UJ ^ ~^rfc 

, IfiaJaU oil I £l£ jl / * <4j*jVl jiaJ ■ * • ^* , ~ R ■ fc ■ j **- 


^lc. J-^**-*‘ < JjIaII < LaIL*j 

0 = 2 R/ dR + R 2 cM 


dR 1 d/ 

'* R 2 4 

~2 X 100 ~ ^‘^^2 (jjUuj jJajill > i i rt’i Jjioll 


d/ 

/ 


JjJa jjiiiJI 


0.06 

100 


0.0006 


0.0002 

0.0006 


jJciJI > ^ ^ Jj.miI I jjjLiil 

J>idl ^ (ji- o iM jfjuJI 


- 


la l i .rf>W I J^La_* Jjl j Laic <oljj-*jij^ 5 ijj^c (_^-lc lr>_L**.* £^Li * LI I <lliSk J-=fcjl — X 


-li 

JjjIj / X^uu 10 x 5 u i 

: J *11 

A^-all jjj jjaIJI 

— ^a^rJI <4 jj il tiala-a i^iUa* ~ t-.l».V>Vl J^Lu* 

JoAaaJI jjJ 6 jLjjl 

5 x 1000 x 100x980 = oljl^5 jac ^iJLuill ^ SjLjll 
5 x 1000 x 100 x 980 x5xlO n = /J I jjASil 


UA 



0.0245 = 


. 0.0245 j < 0 % ^SVj j^aII Ioji V{*u* 1 JS ,jl ^1 
: ^jLuu 3-^1 li* J^c. <ilj£lf 31 (_^| . jlc 

= 1.025 gm /cm 3 


1 


0.0245 


• ^ 200 *La>jJ Cul£ Ladle. <ji^la ^yi <_>l.rtll i_u CUJ l 

h.j.J I.ij 1^1 til Jj-fj 1 ft.tftf < fj ^ -»11 ft J_3^j Jjji I <_S(2all < ft Ji .L T^jl 


tiXftJ J<LmJ 10 X 1.1 <_ll.dilb.il 3* I- * — • ) . (_g3-Jbl J I .^kll 

«(-uWJI 

: J 


JOoiVIxjl^VI 1 = fc-^UUttUJI 


E — = al^VI 
/ ' 


d/ 


31 5 _> I ola>j J ,jJl SjL^II X JXolJI vJjljLft Ijj L ska ~j lix^i jj 

— = 1.1 X 10* 5 X 200 J 5 JL-JI JU 4 SVI 


2 x 10 12 x 1.1 x 10 ° x 200 ^Uu jl+a.yij 


1-5 


^jLmj <j j*> 1 1 <siyi ^1 ftS 4 < 

-^- x 10 12 x 1.1 x 10' 5 x 200 x 1.1 x 10' 5 x 20 

= 484 x 10 5 ergs 
= 0.484 Joules 

G <jjL>Gds Jb»U-«<j / <l>k> R iJL-al b- >j .Ai ^ jkjiUI fj-*- _ 0 

I | ijLl <_ij y,* <JLa. jjJ ^IjjjVI ijjSj I jl—ft . <!»-«—* 



R 2 & R, 

<ylj 2 > i {-mu 100 <1)1* >‘U*«i jl yi JjlJLI (J* JLlI rh I 

$( G = 8 x 10 11 dynes /cm 2 )o > l»idu*i 

p 

Ui iJi* <laJu^) V^idU 500 Ijle jujIm 5 J >*v » .U.l-JI ji <il)Ljjil — *\ 
die X^um 10 jljuLu < «> ^ t _>*£xii 2% j I dint jUJI { j\a lr>i iAll jlj 1 3Li d^lj 
^li ili <ib Ule jUJI Id^J Ul J**U-* de^)1 . <£kjj Cij-U 

$ Ji* 

K n . = - V i!L : ^ j.i~ 

, JajLuoJI jc, jUJI Jjua yi ji dlf^V I 

dp = 1.013 x 10 6 x -L 

= 2.026 x 1() 4 dynes /an 2 

^ = 355- - 0 02 ^1 JUiiVI 

*Uj>ll cUlAAjjSa 

__ 2.026 x 10 4 ini , 1a6 J , , 

K t = = 10 13 x Hr dynes /cm“ 

d-» Lft^J < j^au 1 Id jJaJ t li^H) ^UJJ 50 Lfijl® <il>lo-u«l jyJe L*lje^>L£ 5 <ti£ 0 * 1 ^ ) — V 

ell jX 1 <iljUt<iVI J^la iji tjrtii 1 1 j_a^l , X^jjj / jjjlj 10 x 3.5 LfJijU < ijj ll 

1 1 1^ IdJ < i*j a-ll oUcJI n»^i 

jlfj (£jJaJI <jjl* j« Ci>*l < f-* 2.5 Ajlodi * *"~\j ^ujj 100 <|)Ja j* i*lli 11 — A 

dA|jl 2.4995 i^LhAi |u<« |j 0.5 jldLuOlUcu^ul Jl ^j| }Ufi Oj 

9 ^1 %+u I u < imi 

(_£_)JjJI Lviai jy-le UjjI . ^um 5 011 A JjJa jl„U> l yu La»*J I jj* Sdeld Cim \ 

No . 



g 

(jjlj 10 x 1.5 La jl jJL* 2j4a 

LaJc. I >11 jljJL* >lll.lf\> Jt A >W 1 jl.tft jl ^ > I 

$ Y^iai / jjjl j 10 ^ x 4.24 ^1 -fc‘>ll <4 ^Lua11 JaUl* jjU 

• 1 A^Joi i. i i rt'l fju 1 7 k il 1 {ja ^alu 0 *-l 1 1 “ (j-i A jAAjj» <ii£ cuLlc ~ \ • 

Ca.jJ Cn A fl >*>1 Ijl >*l l.»JI ^La^mI ^laj) <jui*j uaj ^jJI ^jL.AVI JjAjJI ■ ■■■•*•1 

$ <^111 ^i«JI 1*20 (><ijl>k 
. J^i 0.000018 = . u a TJ I JaLu ] 

.XjIa/ 10* 1 a«U»allg^jj JaIju* 

^A I 4jjjll JaLlA {jU LaJc . 1^1* 250 1 |i at. ajj-a i £ Li .lie di! <L3L \ S J-a^jl — N N 

^ (g> a> JaioA 2100 

id a imLaa ^L> jLi lj ^J jJI 4 ij ln .11 ^ic Lijll ^ua 2 4 . Oil »A JjJ* u »S >a — NY 
Ijl gjLill Ji-ill ^a.jl >LH>d 800 La^Ia JS Cm2 (^GjLuAx^j 

§ Y^uu / JaL 10 11 x 2.7 SjUJ <*^10*1^01 
jIjuLaj 1 i * Ua a <aLui^J 10 <ljla dim <JlLl. J J>JjJU Jiwil ib^jl — NY 

4 j 4_y l I JaLxa JU LaIc . 0.5 clLwJI <11 ln~l 1 n V Caj^LII i^^il I J^>] .^*1 

$ Y^/jJj 10 12 X 1.3 clLJlJjll 

cLlC LlA aj2 jmQ Casm ^*jai 0.02 jIjJLaj 10 L^cLlJjl * %11> 1> »<«1 ** N i 

1 * ■ »* — J* |ji» • 1 ^i^ljll j Ltii vj^u (jLik fj(_i i 10 x 6.6 UjliL* 

Ajll jjjjj J-aL«. a ^jLt 1 , a If. . (jAjLiJI ClIjU^.V) jloi XAjUi < (j^jLill 

$ Y r^/oih 10 7 X 3.3 JLiljL^VI 




( HEAT ) Ifruilij SjljaJl 


: (Sources of heat energy ) 

j j 1 I ^jk I t jjk <_u L I o^Lc till I jJij . Ij^kJ I oLLJ I j j 1 ■ *■ 

<5^kil jl (_^» i iaI « I Jclilil lx* (jc gjjj 1 (jlj jl* .\-fc Ti La.U» * , OLLall i j t iliTill 

jjLuJ^ Jclill 4 y jV> £*l>ll ^LaiSCII j^i^II jja. <!>*• 4±*£LII Sj Ij^aJU . <£ILU 


, ^Ijfll c oj^ b C& 

^J| ULLJI (j-» 4 il~i 1 1 ^(jjVl Jjj-aJi (jc I <Vij <jjIjjJI UlkJJ j 1 -■»* * 


tja> tJj ~h~i~i — <5k_^J I xic. j n > > j 1| <<?>.» > jl — j-l • r Vl >'l .-~~1 I “ **« * , Sjljab 

OyUL. >*llii( ( jA LuLj+S IjLu L I j| cDx£ > Sjlj^ 4-iUa ^jjj <^!^j(£ail 4-i Uai I 


■ (jij <ujlj_>f 5 kl I <iLLJI Jjj La« < .‘ILJI i ,r. dlj (jc 

<J Ua jjJj ( I I jj-aJi xic. £jjj ^jJI ««L.ljli“ill ja£- CiLSUall ijm 4 _illoJ I j »“ «\j 

, Ljj^j 4 lr 1 ill I SjIII 4Jl£ jjJLk« *ja* (■ liij <.~ji m < Sjlj^jl £ja <iil* oil 4^ <Ljljjk 
dl jl 4 J~*‘ JJ I <illaJI a.^j jjjjj jjjJI SjIII jo ifcUl jjl iti'ijj JXa X4j 

: jj+JLJLI 


E = me 2 


I <t JAU j«* X I — S jjaJ. I S titJ I 


( 6 - 1 ) 


Sjlj^aJ I ^1 LJU. i_*j^*II (j^ jl < OlLJ I (j^ Lc.jj 4 j in 4 .Ml 4-SllaJ I ji*n^ 

oljj (*i I < (jo^_jjXj-|J I c>ljj jo ^tn JtLi_i <_ilL (j-« « j-^ j-4 ( ju« ■ ul I (j* < » i t ill I 

<-*U“ LT *1 *jb £-?ji JjJ J>s^ 

la i tii i* IjXaa tllljJ ^u«A|j (J H4 .i.mI I kjlj& (jJ) Im < |j i in ij| ( julil 

. ijjl^^Jl <alLU 



: (Temperature ) lfu»USj SjIjaII J -T /*% 

< jo K jc Luj 1 ~k I > A 1 ~» ^ **(j <1 ^ ~Ljgl I L* ^ in % SjIja <-a>j J J I 

^J| cjlaij^JI <Sk_>»J «oa.La 1I <a^ uKJI <iUol I <ja*> ^jjJ (j t <o < 4 I SjljaJI 

^^uij (jo (j^** U^S ^JJ SjIjaJI (jo <luko < j tiilnftl I jLi . |> m -^11 Lf-iO (*| 

I>1A • <40 jj^l » urtll i il Till *V i III LmLwa| jl utAJ lujj • *aUU 

. SjljaJI <a>jAj <ic JJJU jjl jJk S^AjJljl ^Ua^VI 

<04 L j.i A 1 1 <-oo Ija jjj gJjoju lo ij Ija <LokjJ ( jj joJLlI I Sale, y.i-fc 1 <o»j 

: 1^1 

• ( J.t 4*i 1 1 SjjlUa ) ^uuoaJi alaul ^ji joflall ~ \ 

. Lula ^ ~ ~ JaA&i JaC jlill Ui i <n ^A jaoall — T 

jjuii -r 

. jtjjli juiOIj jc <^aLJI <Ail all ijill ji jJull - i 

. (jikluj I |> i ifjJ I ij IjJfc. <9kja £0 <AjuJJ <A^jLI J>ia JXU ~ o 
Cjl^aAolf I>jjk alljj < kj^S <iaj l‘X.4* <_Uk_uJaII olj J|.-JI kJJk ^LS (jL£ (J(j 
. O L juLllI <la»LaJI ^>1 1 n^yj jjlmll ajitlfcll <la. HJ 

jl (_£_yoil jjuliill^ jOuill (juljtl I • jij < hi : jl<yj S^l^aJI <a>ja (JmjjLl* 

<J (jl j Ulb j • % "til llUi *> a^jj i.o -a. <o_buLuil SaL*£ # UL I (jl.t < ^ ~ _■ | '■ j j ‘H 

(jo L a (ju jJuU < (^LaII <j4UttlfJ I (jxljAll (jo (£ I jaaall ^ i > i5jj . (jUxuiLS (jua»jj£ 
aac. (jj^a (_fjoII (julaill |^ii . <»ja Ifu ^uj (J£ ^ L uiV I (jo a ax. ^Jl ju^jall 

< *111 i'*a i <JaAj <j| jk (^LaII ja«o aa^j ^ i hi 100 ^LoAfi 

< lo > a .A 180 (^1 jaxUI (jo jaaJI 1x4 (juAi |*.m Aj A *> j 4 >11 (jaloxll to I 

(jlc. C 04 212 < 32 (joakjaJI (juLill laJA ^lc OLjic. <JaxL) * LLJ * <xja JoLa^j 



^Lill (jJc. 4> — jJc Stlatljll jjJI Jjlu kiUjj(J I UJijill 

<ljl*JLL F <li^. )j^iJI <Aj.illj t C I 4 a.jjJI iju <i^UJ I JJa^j . (jjltl 
t = -| ( F - 32 ) (6-2) 

I UUeJi ^>1 jh »‘i LajJj < j j 6jL (fi (jlc. JlaLkj (jJUtl ^Lill L*l 

^Lxll jjifc jLhall <ajJ jl IfcJj . JJlau (jjJI Jjjl f m-yll JaIj 

. ^>i> •yll J^lj < 4 «V aJ. i LaLLJI i J LaLaj LaJjlC ^^ill <A.jj]| LfJU (jlikll 

^ 73.16 ~ jj jJallt (jiial I jJUaJI <a.j4j . cJjAj dlj|j jj^LSlf I jjk ££aJ£ 


: (Kinds of Thermometers ) Ci\£AjAju\ -r/n 


JoLfl SjljaJI <ajJ ^uLU lirfill ^.Lu-yVl ( ji JJaaII <^oLa. 


luil 


laj kill j £>“* ‘ OALtLua > k nil tlUjj % i >> CiLa >jll t > 1 (j< £i 

< jjJull I |"i ji 11I 1 u» ^ j y Li JmsuI 1 IjA jjj^ CtljLaJI ..t.U*Jl Jjl 


^jJX. *l« ~ j Lm < (_jjliJI ^liixi ^ -v.~k jjj L^-»liy j.mI 


jj a~il UL 6 jLo£ Joljll S jlc. U> jj^k ^1 ^ <AjjJI (JmLaI 6 JjLa) I 


^ll^j < ^ 38.9 - ^ *■ <> ?~‘i J f 356.7 j] « c»IL*a t>* «j 

iJl • ■•* ji 1 n» JjLui ol LS 1 l^uiLi d jill ajIjaJI oLajj ^ 1 % kt^t ^ 

J£J 0.00018 ) AJjuj J^U -^34 <Lt > La. j ll wojIjVI 

• ^J J £*Ji i *y^ ‘ if* <_>“(** J+"*f 

LLij *jL* • JjIjJaJI JJj ^Laj J-* jll*ll v^Afc* 

SjIjA <AjJ £jHJ* l Ajtf • ( ^U *jl LfJ jJa l> Oj ■ it J 1 o*ijj 

SjrfLlJ^ . <JjJUuJI <Lj^jjVl <1* JaJj^tl £tujxi ^I^lkall (jj JJ ft~IJ 



4 (_r* tS>^l lt* *4^ (j-* t*A*i 

■Lt LuJ> I «■ ■ “ tt ‘ < (l£>j LJ I ||^4 fji iljAiiJ I <J|^_uV I yl J^jjJ I iaj^ui ^ Ltij I Ji.l *fc j | 

O I jll I £ ljj| «La^4J . J L|_la J£ Jjbu ^ m i <jL» ^J| 1 > j Ul 

1 *** 6jl^-aJI j i«, Jl LlA i lr » i i ii i j| 4 > i nl i ii 1 i \ I, (jl i ^ i ^ 

SjIjj* <AjJ ‘■‘iTJ ^..I.'wLi.mI I ^aUI LAjI liJLlAj <Ajjll 0.01 (jij 

. (jluftjVI 

^Lj^UI JLkjAjj - £ / 1 

: ( Platinum resistance thermometer ) 

: <J j L « l *JJ liij <jj Ija. ^jxll c^jlL* jjiTi 

R, = R (J ( 1 + a t ) (6-3) 

. i_ijjjill ijlc. 0, t dfGakjjil jic tLnjlL» LaJk Rq i R, i*i_i*fc 

^jA SjJkUaJI ftjjk "i i u~jj . SjljjaJI C^jLiil SjLj J«*L«_* jJI CX 

. SjIjaJ I olatjJ ^Lii (jjajiUI C^Uil 

< <1 j L jJ I K_>1 I 4 Sjtj <AJ J— li |Jj ,~k t tilj £ry!&LJ I ( jA ■*!! ■" {jA jil I l_l£ JJJ 

(jjli Sj U*>a SjL.i a <^jl .ill ^uLil {ju 1 1 m~ii i’IIuJI » ij • j ~‘mj 

^ J-C-J ,j I jj V I £_uaj .1. *y jj i Lf_e.jj| J— JLJI ^ i<ajj . ( \ — *\ ^ 

^jjl (jilj <4jUu <J V jj iJImJI OijLL. uLoa < jl^jLkLaJI jji 

i tjlailll 

< .% j ls ' i — IJ lu^Lxlt jI^ja jlii ab Jj_hajlll J^Lbwi <^jLL* ^ joJul I 

< a b VjUa jlll Jjlill 6 ^Ja1aJI ^Ijj ^ . inj j — j^LwJI Jaa^I 

( S-^JSLl) I^LuJI JeLU^ll Jj"*' ,jA I ( jJlu^L)I Jl tail Ja^ojIJ I J^Lul JjIaj 

i/j ^>aAIJ I Jl I J1** diLtuii jjJUl (juili jjJuH 



4 

£•* dLLuu jJAJ fjC. JoAJ ILuJuL ^n~iin*(jjj| SjJali <1^ i ul ^jjl <4jl2ll 



C^Laa . .1 . ..^1 ^ LiiaV I jjjJ t^wLu Cuillil I CiLa.jJ ( j-loXiJ jlfaJI 

dual t SjieuilL 4>^>U^ AB tdliuu dii^j • <JL^ <J£ ^ jX^4jlll 
I jli . ( * 111 (JjLiltJ JLjiJI jl| i rt*i I '& ^ oLa>jJ (jljjVI £-ua(j^ 4jlf £>UU 

Lliljd(J I Sj^l_) 4_a>jJ 1 1‘‘ - jkiut jjoLli j® l lii <jL® JSC. Jjjj 1 ol I lit I Cl4l.li 

J** 1 ^ jJ I AB ■*!! ■ “ 1 1 jjlt q I jjV I jL a> J Jouuij 6j 4_a®jJ M lj_i 

. jL^jDI jlui jV»> 

: (The thermo couple ) ^IjJj VI J - ® / 1 

~ id-® ij.L'aJlj fju I -®‘> 1 U£ — (jl > K ^ • Jj I jli J « <•> ~i_i L <jf >*hj iii 

Sjl^k, <L^jJ jJujj L®Jac Oulj 5 j 5 ( X — *\ ) JSLlu chilli LjI ja dljjjl 

j *■ \j‘*^ l ■ ■■ « L®^ — j^uiLill jLUl iii« * “j^lj ■ 4 > m‘JL ^<i*J 



CuaLiUL i _>-* UoJ I 6 jjl >— Ca1L-o>J I Sjlj^JI oLa»jJ (jjj* (jic. — SjuljJL 



I 

A^u« 


j a <rtll jlc. <ajJ A < y .~k-j .> jl \ SjjLJI ^ * >f 

Lilj_ajl jJL-^LLLJI t_i J -k >j < Jo--hj (£| ^^>_SfcVl aJx^jJI 1 c£>-^ 


^LiUjVI Vl Jaj tut < 1 a. U JI <XbAjJ] LtJjJa t.mulllj 

. I jx& ^akjjl I 

Jl^j i tjuiljLt Sjl_)j»JI oIajJ jJmJ ^>l^>jljJLJ I jj-l ‘ fl » tji l*-a LbAj| llA {j&a^} 

^jJj wil^jVI jl JuLt i fk 100 ^jJju * La u* KlkUJI <L-^>1I 

. 4^)1* Ajlj^ ^jC. L^idk J£ JJJU f.ui 3jLi 

^yi Sj i< i <a>l I Ciljj i it I |j«l j >1 a jlx- ^.ta> 1 1 u i yjL^j-a^-J I I JJk 4 1 1 »l ■ u *a >X>mI 

( >LjLj^£Ji <Le^il <jjljaJI 4 a ,nJI lift ) <jjIjaJI 4 *>a m ji ^jl Lai IajJ 

ia^o^JI I jjb I j| 4_i^tl^ < 4jjl^u J jt 1 *a II ia*^ll 


. !j^Lm Hjj <(am <i 

jl< y; ^ j2+y-*Ji L-L/l ^ a V * 

a J^jl JljjJI (jic. Jiol i oLajJjjj^l a Jrf^ * ? * u-» ‘ ^ a *■ “_ » 




4 4h4>11j ^Lad^U 3 j-»L«VI I ^AjiTi I » 

. ^LuiVI (jc l.tjfcj jlf-aJI Jiblj <J^j i> • C|_j| jj t <j_iiaJI cALuajII SjIja 3_Otjo] 
<ic < LjL^ I^Ljj <tllaJlj <j-L»Vl Ci^UAjil ij*~i SjIjaJI jjjka>jj jj (j j -tll • ‘‘ ■ "jj 
*jlc. tnjj . ULJI ^Luiyi SxkL £•» i_n .,(H j jl.ki>> jl^jLiiaJI 

. * I jAdJ I ■•*■■*-" <4L*iV f * ij ■■*- ■ ■* i I Jl£ 


: ( Optical Pyrometer ) 

( jl")ASky L L^_tJ Ij^j <“ » ■» 3 atjjJ tjirtj 5 j j*- ■ £j~- ■ "j Ltjle. 

Ti Sjlj^JI <a.jJ <jl ijb. J«u L** < *Lkjj ^j}\ jtm-^11 Jmaj ftjLjj 

<^jj OJkjjjl U£ oLa^jll * jjk JljJal S t jv ■ ii-^ll A«.. t .tl <a^ll JjJa i ji 


jilj^ ji L£ < ^lijVI >kj k< til I tjljjJI oIajJ jjuLd X j irf» LJ I t<U ^tiaoui^ 
JI+jjaj jl Lr <v-aJI jl^>aJlj dial ^ k^* m l I jLfdl 3^»iJ ■ <dL*JI uL>*^Ij ^uiLudLI 


<lu-o.i JiJtU Jajj i_<jiLuJk (jA (t-'\) JZMI 

* _Ai.xi J ■ <■** » j ^ 1 1 1 *\ i> j « tjjiii j • i j^ ) * **" _>-• 






jjU 


(i-i) jsCi 


US 



!*>_> <A« Jl^« j | Uj jL^jJI «_^SLfcuii J^Lk jk.LJI ^ i II juc. 

. a -^J I (j-* 6 jjUail <L« 1*1 Vl (JjjJo (jjiJI j_«_^l ^jJujXI 4 t util Li 4 >Vl 

Lijj-*l I jj L»l . <Ljj_)ll JLawk ,jj qI Jfcrttl Jjj-i cJj! I (juij ,_|i 

IXl-l i 5 jJuil 4_^liU «. I t i^l » 4jjJu Ufcijj . cL-all Jjli (ji LAf* 

SjIja (jj& L*jjt JJAj 4 J j~> tJ I < j < ) L*Laj <jj ji‘u It ja ,jJj J ■ rfi'i ^ gj^Ill i ji Jfi >1 1 
jt 4 ^ tillj (jt jLj.ill idu C).ijj lijj • J)kLJI j> im ~j 1 I 5 j 4^jJ jm4j (J j till 
A*t kJ I Jjiil I SjjUJj , (Jxi {ja (jl^ Lt£ jtilika Irtk^ ^juJj a Ink^ Jjllll 

^*1 *fc Lm ^liii 1>V iljla£ Sjl")A oIajJ jV ' >*l m‘t t JjIj» ot^jJ ^ilfl>J (jil 

. Sj«Juli» Sj Ij^J I ^ilfUj ^A t qL^oJI ijjljU JajS I (~y4 1 J.4 • 

: (Quantity of heat ) tfyuloSj 5 jljail <La£ — V/*\ 

f l>^ i jl ^-3k jj £-i_J <UjiUI Sjlj-aJ I ij l_>aJI 

1 1 (jj» L^ijl <_^jj ■-■» »j *■ 111 (j^ni <ii£ iLol jjli I jU , <A,jj # III {ja >ia>(j 

: (jJk oil jJ Ct.h'ii »it I SjljaJI ( jy Su t2 
Q = m X 1 ( t 2 - 1, ) 

4-ajJ ^uiaII tjlj^ ^Ijl CijiUI ijlj-aJI 4 i n ^ L^-iU ijjlj-aJI OuJI uljA() 

i J-^lj A — a.jJ Ifijl ja 4__» ijj £_ibji — (■ ULf {ja < u*V 4y*\} Lj-uij-i I jLi . 4 ^j_L* i J^lj 
4j *^ll *jjk Cu* ku — ^ m^ll QjUf I SjIjaJI <i.4 ^ ^yJU Cl_>L»f I IjJ t 4jjiu* 

• f ‘“ > 11 

4jj 1^)-^ 4>. » <« 0 I ^ tl I Ij^l Li ! A 1i 1 1 U ^Jc L* ^ i ii vl Ajj Ijk I 4.w i nl I t 

SjIj^JLj iulil qa J^l^ll ^ (j > II 4jjIj^1I <JL.ij> J I 4 »g\j • i\t*\ ■•>! I (j-* ^Ij-aJI jjt . ih --~ 

■ t tt* > 4jjlj-aJI 4j>-oJI Ctj «m *uUI {ja uJuj^JI ^Ij^aJI l*j «* ** I Ijl L*l . L|J <jx.^lll 

jj LjjJj SjaIj jljll <*jjjl Sjlj^JI (jl (jljj go(jjJ ±AyJ . 4-jjjJI * jl>aJL 

(jJ L»l . I ^bl j y II jUJI Jl!L*j 4 j^Lj I |l«j t ^j Lu*S j 4 » i'ljjl ijlj^JI oLk. Jj 



(j-* UjjJIaI I mftK j 8 ni l I ujli (j S jUH SjIjaII ^ I 

. (JlLlI 

> . t fj-Iu ^Ulj < <_mVI (j Jail j_a>l L* SjII Sjlj_aJI g* j * " t SjIx p 1 ** ■ - * 

(jjJ I <_i a*CJ I < <jjLt jl <U3Lui jl < il in : ijULI <1 La. '.fie L I ill jl i 1 ^Vl 

: { jM (3_>JaJI aJJkj • jl ijUtl £yk l^ilf. 

Oj^j < <AjjJaII < Jljj m II I jjUull <JL^la < Jai^JI 

. uLu£ll 

: ialiJI ^JLjIaj SjljaJi (^*2 -A /I 

Lull I ^ I «> I A j I Jaujj Lk^liJ IjA ^AijJ jLtuA 1 4 J If 

• cSjL>^ *^L»JI ^ o ui ^j ijlj-aJI <a»jJ ^ LjjLwuj JjUJI ^1 

4 ‘ - ^ /iiSij « C| I j I 1 1 <^j4j 111 | JjV 1 ■ ii -^11 4 ft K ciil^ 1 3 Li 

<lft,£ ji i ii ^11 13-A Ljl ja 1 Vlnl-h 1 3 La < ill | C | t j { jJk <LJjj ^jiAi I Sjlj^JI 
a>iLa jj t l n~ i y 1 tjljjVI <1L^ (jU^ C\ CiCjJI t 2 Ojl^ ni 2 

: ULLJ I (■ IL 

! (jl ^gi ^LJI ji i iivll (|)4 ftjljaJI = JjLlI juuaJI (jj Lui^ll 6 jl^^JI 

m , c , ( t , - 1 ) = m 2 c 2 ( t - 1 2 ) (6-4) 

. (jljjVI .lie. ill <ul|oJI SjljaJI <a»jJ t jJk t iuk 

Vjj ju Lillftj ,‘i i lj <x.ja I (jl Ljjlc lj >li-» £Lui?L SjjJudl Sjlj^all llA l ‘ t L a A I Jj|j 

■ 

<jjLc *jL*£ »lll *■ I tX.“. .,( . , j> iu^I Cicjiil 5jl_pJI jlauV <ijlall &J . A f>j i«ii 

jl OiueJI j- 1 - r vi <JL* jj-i Ui^JI a3-A SjLc. jtL-oqj . a J_Aji I ^j Uiiu L^jjI^a. 

(jr< a ».i-^ll (j-* J£l ola-uJI (jj&i U* '- ‘ > ■» Ll j ft» • <Jiulf "La jJ (jj£i ■ <l*LuJI 



SjIja ijc uji^CLakVI (jl5! Vjj » <LjL3S*» 1 1 

. 4 ^ ■* l ^ LlaJ| 'f J L dll jj ^ l^iA i4~> i ^jSJI ?i>»«Jt j ^ *uf*l I 

: (c p ) d*li ii-i daS JU1 Sjb aJI- '/•» 

c La <j jJUma* ^ i jLl^VI j^LJ I jUJI fjA JaJih <j j ^ il I tJJk Jjji 

L« ■ -*■ ■**‘ >w * jUJI ^ «xa^j < A Lii »i a ^ o — ^ J£Lt£Jli(jioJlU£ jL^aj jjL 

C^j J JaAaJ Iji £j^-aj_a ^ 4 j~ 1 1 1 1 1 J < M | jL^jU OduLS £-»J_)A 


Uj>"J I ► JljJo j j*>i nl I J^lj jUJI Sj I^Ai 



Jiklj jUJI (3-* CuCi jLu jjd— » ^ jin til B ^Laao A ^ JjJLuiII jji jUJI j^aj 


<— ^kjJ . M 2 ^LyiUI A Um.Ijj j Lull I I JJk Jr>» tut ^ju U&jj iol^Jlj |j*^- ■■■~ll (^jjaUl 

jJ (j=^l — MJ ,jjjj « •> J 4-C.J-aajII j Jij » 1 1 ^LVI JL.I J A \ % VA» jUJI Sjlj^u 

» La <j j- « — .. i d - a Oc. I JqIaJI »_iajL| ^Jj ilU j .V » i Jii Tit i t C <jj l_>^ 

jUII jj_>aj ^jLH jjumJLI (ja^L SjIjaJI . t i C, *Lul_u-iVI jjL 

■ jUII jl_^Ja»jl, C <ulfJI 5jl>JI jji.UJI 

.SjIjaJI oLjJ , < > J X W <J ^aUl ^ilill = ^111 j»«<J I (j-« < I SjIjaJI 


oojlil 4* I X jJu.uI I <Jl£ — *jjft(£ll 

X X j&wJLL *111 <1*£ + Ifljljah X JalaJI 
• oLak^jil ij >i X 4ucjlll 4 jj l_^ X m jUJI <££ ~ jlil I ^yk 64ji>t I SjljaJI 
. ( Ini t All ) CulS Ini i A caj ji^a Cp <JLaJI 6 Xk ^jk jUJI Ctc^ill Sjlj^JI 

: ,jjk Jj Lilli <JjUc* ( jt^j 

mCp(t- t) = W(t 2 -t, ) (6-5) 

^111 jAii*ail <Jeu^jlll SjIjaJI <a*jj ^jJk t 

r = yf'.+'j) 

M | jl^LLI m gm <_i^>LiV I jllI jUJI <ls£ (jcuujj 

vlil j JJij xicj ~kl I <jljj Juc .ill I JiLl J jUJI JniUt llia 

<2Jlall Sjlj^JI <A.J J jjlj ^*i i nil ji V ^j| Lli-iji IjU . wjuijlll ,jic- P j & P 
J_U J V j (^IxIiVI jLill ^ •> ~fc Xa^j O I jLill ^LaJI jjjjLLlI j j > Inljji T <UIxj jLill 

: <JjUll jkl j^JLuuL SjIj^JI !*■ .All xlc . » 

( 6 - 6 ) 


P.V 


76 V, 


T 


273 


: o 1 


P, 273 

v = v L 

1 76 • T 


(6-7) 


V, = V 


jJjxl.1 jjc. <jjauJi » L^lil Jaj ^jLllI jUJI -fc 

P : 273 


76 T 

: jji ijlj^JI Li. At I Jx*-» jic ouiLiVL j» (^jll jUJI tiUjj uJ^iS 

p !- p 2 273 


( 6 - 8 ) 


V, -V, = V 


12 76 * T 

: (jl x jUJI <L_>aJiJI JkLA jllI jUJI <ii£ £x<&ij 


(6-9) 



m = ( V, - V 2 ) p 


(6 - 10 ) 


. jUJI U\X { jjk p l-l_>~h 

Cp » t,Tv ( 6-5 ) ^ l ^ aJlbuL ^ 


Q3L jx*mm SjljaJi Oao * j - * • /*\ 

: (Bunzen's ice calorimeter ) 


(jshLMj i ii fjj> < i ciUl-fc I j| <GI ( jix ^ t .Ml 


I Sjl^MJ < % j~i‘i I4I* t j j 1 <t‘ij i ^jjII j'i i^J I j j j£ ,\ jI-^J I <121 

IjL# . j Birtll ^Jj Jrvi| ~t ^j~i rfc • ^ 1 n -%11 J-iiaJI 1 1 ■ ■ ■■'!^ » 

*Uj j»-j ^ 1 u -iJ I I tit i t jjJll I j-i.i ~>“i ^LUL j | ■■**11 j_tiaJI 

J Ct^pUl SjIjaJI (jAj ‘ iAjI^II jl j irt‘i V <xat£JI Sjlj^JI <ijX« q^jSu I jjk . LttjJI 

• J Jl (jj (> f^l 





O -n)<j&£ 



t Lfi* J^a_u A o-* ( ^ - ^ ) JSLiJ I jjJ jl f ^11 

^-t ^ i til eLLLj B <j(j_4jVl SLol . U ij5i<ti ^lc. 4 a m * 0 4j j * i* (Jjuuil ^ | *»** 

<4J-±htl {TjLi I dill J.La.lj I.|1 l ,-L tali iJJ^j JjajjlL *LLI (J^xaj J * ■“ “•» 

* ‘ J Lajiqj . (JxiJyJ I <J)J-ili I A j_A (_i _^Ja j n « j » LLI Jj-iJ (j I iJj-ij C <L^«.i.tJ I 

j^J^JI ^ j j i i <~» (jljA JaJj C k_i ^ | Vijj . Jjajjll jjx Ueujuii A# Ijj Lx^Lui 
l^w lj >1 ^jX« f.Ltl 4.1 jA * ^Intl I <JJ* .i >; D < (3-kl^J L i *|J1m 

1 .JoJjai k t 1 ** (jSLa^j . 4 jjaJL| I (■ l^al -lie. Jjj^J I Jojjo£» lf£ jxJL ^lJ I <iU*ll 

<-> * m j > jj I j^J I -ila. jj-1c Ui iAj <J < H -> o j I, ft i li-g daxu l^j D I ui 

. Cj UJI JjDL^IILJjl 

i jt .^H -lie 4 jjL 4ij I j^. 4a. jJ JoAa-1 ^ > h % y aaa . ul 1 ^ 4_i elij jl^-aJI ^,i^i 

dJju (J rt l- A .i i < J % jljl jLj! <LUjj Jjjk^ j_uVl fjAX J A <J|>-xjVl ^ 

4^ jJLuil I <jV I . B <^jiV I s La £ja - - Cl L.--. t 1 L . ,^jl | ^ j — - .‘I | 5j Ij.^ 

. ^Vl <jL£ tiij ~a A 4^jaiVl Jj^ *Lll L ^ki u .la -^la dJjJ < <£jaJJ ^LaaJI <La>jJ 
. A <i>aiVl ,> ^:VI ^ 14.^ j -»- JAj J1a>*ii gjll IjA* jlf-aJI ‘‘Hii 
<4>jlVl JojLuuj < tj °C 4ijlj_a. 4a.jJ £J»ji f .t afr l l 4-ec.jiJI Sjl>aJI (jrlAll 
IjJj 111 4lll^ oja (Jj-fcljt < A <J(JjjV I ,tjl ~>'J ^ m%l I (j'J I J jLill I A 

I C J <xC>JI 111 j ^>n -^11 <il^ CuL£ IjjJ . <Ajjll fjuJ^ u* »La 

ui U " ^ til .‘111 • IjJUxtlllj C| t| ^laLaJI ^_y» S^jitll 

S^lj_aJI <jJk L 111 L Lfil ^1 t a La jjLxaJI ,ji 

. J^I^JI ^>l_y^ll IjXui SO JalaJI jl| ■ ■» '•'J <lal£JI 

* jj «" SjJlLia ^>K*i.imi (^jIjaII JjLxlJI >_i> Ltif j | nViI I 111 jJLaJI <il^ jLa^V 
vjjI^I jjJc LaJI jAixJI <-aj J » LIlj JuiaJI <ila^ ^1 j . j,| luiit Lajle. Jj,laJI 

<j! Jaa^Lj . i -J L ^ a .. . .i jj _yJk xJLaJI ^ya f ajSu • P 2 . Pi 

Pi 



rhl I dial . 4 UI <ilu£ ^jA Jit <-iHi J>l fjAJU llfj « III Ui*i ^jJfc ^iicu ild^ll 
jiiLdl ^ haidl i^jinJ < %> ">j ajIJI (j* jf irt’n L*al*i • * III <i* jj£ 1 ajl>ll 

D Sj>^ 1 lt* JAa-* 1 fr^L>A* ‘ ^ fA-*. JL j « . U l ^ 

<jj ».mi1 I I jJai > < 1 /\‘i R <*.ij-fc k R * h jA vl I ^ji (j^i'il I <'1 da % h <LaLuJL 


1 


1 


OJ& ( ) jJk »jLf.^ ‘ »l jjfc Jjiajl a f l>ajl ij* u^ 1 *^ I jt l*JJ • D 

Pi ?2 


in = 


tjjl K R*L *jji I iji (jaAj LAj1^ii^*iI ^jC ^44 jjjjl m J Lil-^ i I <tj£ dlji 
71 R 2 h 

— gin 

( 6 - 11 ) 


( i.i) 


Pi P: 

^jl ^sJI J a Ull <lala-« jh^mj in L julaJI <j< nlfyll SjIjaJI ijj& inli_yi*MLj 

(6 - 12 ) 

• ^ I Uivll C | <OC_)*ll A^l^^il wL»M,> (j£*J <IjIaJLI txl 


m L = in, c, t , 


: la Cuj jUJ ^C-jaJI Sjl jflJl - S S / *\ 

(jA^i c y '**‘.‘i* — ji-»i * <> i -*’j*n ^jij ~^ii ii^j *“i ■ f * " "** 

^ ■ <1 -^M ( jlc. > iKlj ^ 100 «La jj yi »U jLaj <ijc. ^ jjL JaLu aic. <il 


jLa, >11 <a>jj cuH Hj • jl 1 ^ Jlj |> 4»^ll Qu Jaltiil jVi < ^1 > til ^ja m <121 

a> <a jal I tai ji> > ujl a^LJI jidwaJI |ji < n n"^l I *jl^aJI JSI yjlL ^100 aic Lilt 
<2<& col£ lali 1 ^ 1 11 dl ^jlc ■ **^~ <l« in <Ji£ J*& Lm jI^jJJ <l«l£]l Sjlj^JI ^ja oa^l 
<i-»l£JI Sjl^-aJI oil— £ lajj i t <jjlaliVI C | <ac^jJI m | ^uiuaJI 

^jlj^ll JaLill <lal*a ji < L ^jjk jlLjll 


(6 - 13) 


wi^ C | I VjIjaJI <lalidl *JJI 


mL = m j c , ( 1 00 - 1 ) 



i Cy Cull Ci *k~ Cj ljLi.lt I ijlj^JI jyuuJ OjjJJI tJJ| ^JL»Uvuu I 

^.' t iU. ^j C/y£ 1*1* B,A cjOjS >-^>u ^jliuJI jm . i m i jlf^Jlj 
. ( V — *\ J£*l ) #1* jlij 3i>i ^ji j-Uk <j3A£ o* 



A <jyj£JI ^i j l.,,1 ~I L VI Oau jUiil Ui i Aj jjljull ^ ju j$Ji <Uu l .».. • Jug 

jliu i v y . 5 j^JL £*A) ^jJI 111 | jlill <il£ Jljjil <Jjlau j(ju jM < jgf£ ill i 4u 

jliuJI t <?> j-> t>* l*4 - u jl^. <a.jJ J-ij _>Ii « u"^ 6, ' iM 4 

A 5jSJI ^ji jUJI 4>=s>l IjJii j>£|j < jULjJI t_yaJU CgUj&JI JS jjJfc i ^100° 

,_^<xLy jUJI j,V < <x.jJLil B tjJJj j^Sil jl jJLy jla-JI I ^>1* 1 

m, c v (100 - 1 ) tsjL*u ^ 100 <AjoJ filial l Q* <J«»£ 

^jI^aJI JjLiH <1jUu (j j£l tn A f jlc > iVu 1 1 jl^JI { '/j j ^ SjLjll cui£ Ijl 

m L = in, c v ( 100 - 1 ) (6-14) 

4>?<J y^ljj . Culj Cukj jliil C v SjljaJI ^ jj IfMj 

^jUllj , ijlc «.»l?l ll I jl~k Jl Cll^ia 4 *.>ll klll4j < IjJk ijl ml Oil t « in jfcl 



Lfi j^)aj < o I tl > ^ i jjljJLL djSJI (jxio.1 cI^LmjI (jJc #111 jl •% j > > 

, iftp. jUJi Sji^aJi 


Jlijji 


LHJtH ~ Ai>^ AJk^Ja-W /*% 

*4Ji ^ 

: ( Newton's law of cooling ) 

^UiKi <La. L .u^j 4 « t , Jr> j^ic »— JdJ-oj dj^j <jU * I 34 JI J^L-u ^ dJjJ I jl 

In i n^J I *J lj 1 Ci L^jJ jjc I ■*' I i i >>^L t * ^ < tj l_^^il ^.i til I j».,m *^il I 

<-uLDI ( jj <1« S^ji tl I Sjlj^aJI <j »*C <lu ^^Lmi jjj^oll JdA-« -»■ 1 1 

< Sjl^-aJI 4— ^jJ !j& jn> Jl J j A . « !jfM ljj(j i i*l * i ii ■% II ( j_llil *jj(fLll ^_gjl mjj < SddjJI 

■ ^fjdl f—*aJI 5jl>k. <=*jj ^JAJ Crjjj t$dll ^t-fc'il l (J lc. 

<_a.jj <J I die 5jlj_iJI <-^jJ ji ^ftUI Jx*-« iju «j dJj-dl j it‘» 

<J»jdJI Add die Jjjllll ^1-hil ^-Ul Jj^ (ff AMJ 
JdJCA £/J Lj^la Ixuilil (jljoj Xa^j dij 
C*W' * Ij-fJI ,jj Jj — jj j^Lfcu jK i » - > Xfj-p 
Jttju^jJlj jtm . ~J I Ajl J—a. ^ 1 —a.j J j >— *11 

Ij j i & JjdLlI Ijd m aSij Vl Jaji, t ut t Jad>aJll 
. UjjjIU cHJfl i» tltdj Idd i— 
^ 1 %'ui jLlx-L (j t lldil Idd old 

. ( A - J5L£ ) x_*UI 
j^aJll ^Ia InAj i j^jkaJk*U i^xuLJll La^J ^V-e til ^ie A-> < A j <Jxo — (jjGJedl dxlj 
ijJ ^>*6 jjxi. I I dd ,jJc J » S***i i B -, < B | i/~ilnftil 1 6 0 <ijdJ 1 Aj 1^^ <3hj d ££jj ^dl I 

. A 2 C 2 , Aj c, 



^ i ii ^11 Ajlj_^ lAj jjj -dJI (jj£j ' ® A| <ladlll 6j l_>-^ <^.jd olL^ lj| 



' A i C i J>la Ijaj • ( 9 ■ 6 o ) K * ** l I 

juj^lJI J j-«-» i_ n *ili ij j (Aj C | / C j B | ) ^jLuu A | jlc. ^Ull 
JUj^J I Jit* i^jU I it >11 (j I i-i^J < ii^illl ^ w ti *->■ ■■" li*A jJk I jU , A | iit 

: <jl (S I • fm^ II Sjlja* <a.jJ lAj ( J L )kllj 


A, C j I 

C,B, A,c, 


= constant = 


1 

Ci Bj 


A . B j ^ >mL*II U tia* q! v? * . 1 ^^ iULU lil <JI ^1 

A j < Ui’ »l I Sj Ij-a. j uLtpjV U*li IjloJL* (jjSj (jl i_>^jQ 0 iijiJ I SjIja. j 

* JJk .lie ^LaJLI 111 im * J-ij 4 "J I ^ Li * * (jJfi. A 0 Jj_» (£j_Sh| <Ia2j l*j_aj Ijli. 

,jU 9 0 

B,Cj = B 2 C 2 = ... = constant 
. Hurt O Aj U* <>jIt'J I A JJk Jjl jj 

JS i til I ( 2 fv£Lt 4 d* l i t* <ajjJoj JjLwJ Sjlj^JI j U_iVj 


j * -‘** l I 0-* I > j • » JjVl < SjUI (juki (2>4 ^ 

I «lj^JI jjjl Ijjaal UaJlIuSjj ^-5 1 ft | j'lj Ij-^. LijL.ij Ijli . (JjLuJI ^y» ^-tt (juij 

JSJ I jjlnll ufalakl (j)-* L fjuij jjft 1 *01* (JSJ Jlj jalJ I (JjJU* ^il i ulj 

<_a.lmll ^1 US 4 (jj_) 1 1 ».t I (JSJ (j^Uull gvUuJI 4 «ji I n (JjUj Jij uj 1 > 1.*|*li 

tialj l«j u (JS tjlj\ II ^ »*it I ^Inmtl *jljak 

I *■ | * * (JSJ iij^jll jltlt JjLuJIj 
. ( ^-*\)JS-UI^US 
J Jjct* * HI i <1* (_) A t > 'll 

<-»-nJ) ijLjl liU^j • JiL-JI j t hi * (Ji I 
• »>**•• JiU* (j l »BI ^1,^1 



A-* 



\JS SjLL ^ j f^JI (jLxtjLi < J, I 1 ill'll Laa m | , m | ^jl 1 i m IjLi 

• (jic JjLwJIj • LLI g<jjl n«">t I Cg «>-*ll L^jk in -i , ni-i obS, U 4 I. 

(j-l* t 2 , 1 1 tr® ® 1 ij^l ® 2 ujj - * — ■ 1 1 >• J£ 5 jl^-a» > '>'t~ i 

■ UTh fc* 6^)uJuLkA 1 ^ | t . » * » ft tj « i^UJjil ) 

. 0 2 1 0 1 <l£-i ^flln fcl i Jj L*J I j * Lail I V JXx ^gjl 1 nlj 


• SjljJI oU jj ji* JjJUt (jj L ^ -fcA » ^Ul < 1 a 15 L« ^ 1 n^l Jjj-ajJI J JJU> ^jLuuuj 

tf 1(de/dt) 


0 2 * 6 | 

.-. ( m, c, + m 2 ) — - = ( m', c, + m' 2 c 2 ) 


02 * 0 ! 


: <ljlaJJ I |*“J*“* JjLJ] I Sjl^aJI { jJk C 2 vlui 


m, c, + m 2 


m ,c, + m 2 c 2 


\V. 





f 100° fji 7.395 ^>i * ^J I ■La.jJ u* <a^jtL* (J Ju£>L ■MjUL> (\) 

Sjl>sfc .i-a\jLi fvjJ 8.000 'j* L« {J s <j-«jLL* cuLS i jjJ * ^j*i 8.965 

: J_jJI 


(6-3 )<ljLdl<> 

R |<)0 = R C) ( 1 + a X R )() ) 

R, = R () ( 1 + at) 


t 




R . ' Rp 

Rioo ■ Ro 


x 100 = 


8.000 - 7.395 
8.965 - 7.395 


= 38.5 °C 


x 100 


£>u i jrLakjll <j“*i (>* u^ c, j ^ iA< u 'ji/ O u> j^\y* S* (X) 

jj- 4 La , vjuiijlll jjit 3 •' 2 1 a^ J.j L-oJ (^oiLljJI ^jjjlaiJI 1 <i‘J Ij 2 : 3 Ufj^ki 


*♦ *j !>*> (jMLwJI ^ , 3 ^ 3 ^ cr c, ^'J ^ Cjj-^ ^ 

^1 . p 25 • 15 i£i 1* 1.035 i jmiii jU j 3* ^ ^ ^-> -a jljjl (^) 

9 3W ^ u-LSll Jc Jlkll jL-ll l,yj 


tjrjj <-J LU lj < (£>H I j i - ^ 1 1 <-*> j J ^ <3^3^ * i> 2 “> •* j ^3*^3 (1) 

<j j. t .. L Jl HJL|j^jI jioi > L^> > um% I ■ IS 4 j^Luu ^Jc e Loll (jG_uLJI .Lilli 

^ Jj£. 

(jm! jiU Jjic 1 I *i n j i Xa^jl ■ jk 273 — ^-Lxill jix, ^lUl ( j * mJI 3-^jJ ( 0 ) 
JS jj] Ja^>i < ^jLilaJI ,j>u ,ji tJJjll ji-ucJI ^ JiLu (3) 


\v\ 



<jjJUuuJI jjJ jjjjll JaJjji tJj i~kij jLakJ Jj^Ju JILu/l £yk ^^1 

j Yjv-4 2.49 <jj» i tl I <^mSU ^ji^ljJI ^ Utt I <a Lu cut£ lalj • 13.9 

/ j* “i 80 jl 4 <l*lill 5jlj_aJlj K^+u / fj*. 0.917 (j-* j * » ^ l •*!*■ < 1^ 1 ^ 11 

S iJjLuJI jj^ nl <i*t£JI SjIjjJI J^jl 

jlajl jl t CuIj Ui iA Q.~fc~i jlil Sjl")£hjl ula^l CiJ^ I 

I jLi . «L_>a*lll <jlfj J ^.3 ^1 ja 7 j«* dl Ijil 30 OjuJI jljiJI 

<_ijJLll Sjlj_A. <^jj (<» ->■ U» .i^> Cii^Ti jlj_aJL jlill <Lil * ^ cuL£ 

^*-■■>*1 1 j^Lo*JI jlill SjIja lm j>*ll o^J ‘ 'Cf-ut / 0.0012 

^ 10 . 2 °>*— II Sjlj-^ ^-=*ja jji ^UujVI jl£j * f 208 J-mj 

♦ C p jlill 'L^vjil I Sjl>JI oajl < ^700 4jLjjiaJj<J (jjlll 
<a»jj o « -* " ijU ^ 200 <ji 2 k JjL *L* ^ f>i oji 1^-* 50 <iij J»iu«l (A) 

^uuxll.tjli * ‘ '‘j ‘I I 4 jI^aJI jb l alf jj-tll tjl^A J^jl olsijJ 5 

9 r r / f* / y~~ o.i 

<ijill 5jl^>» Ckili IjUjSUjlO^^O L P!^45°6 A »l>fll J* (^) 

* # « ° 

* ^>^1 (jjljj d«J Sjl_>ai J jj-Al-* ^ 15 

jjj ( ^ 1 / ^ / j*.* u 0.1 ijx.jlll jl j-=* ) (juLhjjl j* j^lal « ~ • (N • ) 

j-« V|»>uj 100 (jJ* yjl-iilj^UI j)-* V^-uj 100 (j-J*- Jb^l csj • (*-?• 150 1 « i »• 

*Hftl ~ki tl S^I^aJI CajJ jl jL9^)i #1^11 ji IjjU^J jl_)JUuiil jt I AH JiLui 

5jI>aJI • JjLu *11 j^Lij 6 j-*jj*l— »JJ 10 o* j <j* ^40°^] f 60°u* 

S 0.8 ju Lolc jjl i ull 

jiboJI ia. Jj pL« 'ji jk 10 ~ jj-4 »>jl> j« ^100 U > oil (N N) 

Sjlj-aJI J^jI CSLH^I >**^1 ^ y-^t) C». u%" > ai f 111 (j* f^lOul 

S ( f-a. / 80 a>kll jl^aiiV <i*lill Sjl^sJI ) iL^jlJI 



(ji jUj ^J] ji^JI yi JfiaJI 10 *i»ji (W) 

$ flOO <»J«* 

<JjU-JI liijt C Sjlj^JI <Uj j ^ic. L* «jUL C I (W) 

C = a + b t 2 

^yA SjUI *jj i j-« ni gm 3il£ ^-ijJ oj^UI 5jljj»Jf <x«^ j_^ji , culja a , b <i>_k^ 

<xi US. M | ^a 0.4 (^JLtlaJI jjjij jjuma ,ji <LjawJI | ^JjLljJI jiojJI ( \ 

Hjl+i o£j-aJ f 1 / j-»-u . 0.1 O-fcjJJ I <Sj f 100° lj-a> f “ « > 

<a»_) J >U in. 11 ^•^.>J1 jjlj IaLc ^ » ...•^11 <Jj£l_» , <jL JaJ^kti 

. jkl ^aJ) V^mu. 1.095 jJk ji.rftll 

JjVl UU ja£. <wko!ijJii I ^27 4 19 < 15 <AI jujV I <a.jj (^ °) 

Sjlj-» ct^ » »^>l ktJ LAI Ij^j Util Jal^ alcj < f 16° IpUt I Sjl^-ii > .pi ^LAJIj 

5 dJIillj JjVl ^A Sjlja. ijjiu I jla . ^24 “ ]^>LaAI 

^ Uftt I (jl ^ife 1 j| j t * j l* (J^i (_g ijU II j * m a 1,1.1 < n*fc a^jl (N*\) 

§ f-A 0.2 ijJi Lr Ulall 

cutt jXiatj tj-v m « jt.25 U jj »La ^450(^1^ ^-^50(jjLU 4 * i » K « »Ljj (W) 

jAoj <ij «A . .. j jjl ^jl . * <jLij u-i ^ 30 jJ 0«i* ijLi I jl ^aJ I 

. ( ^ / jku * 540 jj « • o~ill <L»I£1I 5j I j.aJ I ) § jjLJill (jj Ijjj Laic *111 ^a ^50 

<j* ? 50\^| 66 j>j <SJj v-L^i ^ ^ 90 95 <a.jJ < >« ; l > >4il (\A) 

CakjJ ^^ajLikli f jiLJI <a»jJ • <^i(5 70 

^ ^50 95 (> * f*A k»JI ijlja. 


\vv 




y Lull (JirthS I 

: (HEAT TRANSFER ) Jlltfl 

: i j j Ja UfikU *0 jlull jjJj ^>1 m^V I 

■ I cJjLS — N 

.j^i^Ukiyi -r 

I.LA 4 >*> Ljuu ft lj^»l fjAMA ^J1 t'nL tfjlx. Lk.i.j jj-fl ftjl^Jkll Jajm l » *■♦ * 

tjV oUj(j t J^aJI u] : Ji* * (^1 JA £■• * J.PI 

^i-l&l ,jJj > 1 1 *> tLS jLi ji> i m i 1 > ,i‘if ^1 ujl ^ m ^ 11 d * ■ ^ ^ J^u^ll o LLiL 

(jjjLjJ <So^_k <jl k ft] I »jjl Jk*>m~ij . jjS I 1 | *t fl ft JjL (^J^l CiLlxL 1^ lifc.ft Jft jl 

OjIjA ^ i nvll itiL ollj^j < JajIa jjL j^VIj L*aj^I • Ij^JI 

(jljjV I <JLa^ , i t ij Tk <JLJI J.IU,I^J 4 ]fM Tkl I JqoJ^IIj^ 141 vll *jlj_a. L~ -%-j > ■*- 

■ ft Ijfil ,ji <ia»L>J I jklui^y I JljjJJ olio! Jli^j . ^jIjaJI 

Ljja] I j] oil jj < <jj— uS jl 4 j* jtln jaA I J-* Ijaj ft jjk JaaII oljLii i» J aj JJj 

ft ftj . ftjj^xi < _tl* r. <j*k * mj Lu ^LJI j> i it tJ I ^Jc. Lftfclnkk IjL-jj jl*n 
, LIa Liki i4 1 j j (JjLLi ijc. jjkj jlljll KjklLj jjj * jjft I oljU* 


: ( Thermal Conduction ) iM* Sjljftll JlUM-^/v 

oll^j i I ^ li'il ilftA CiljLu jjJI <-^LaJI /itJ )Al jlj Jim ,‘il ft J »Jkil 

ULIa jjl l 4 ft >*ll (>kl ! jJftwjll oLuj^ JftL ftjlj^il JLftxil jkl jj iit 

duulji d&i ftjLLI ull> Uj • ftjlj^JI tftijj LjjJa <_u<il*>u 

fjA ft JiUuj «L« i44 jljjj ftjlll fjA Lajlc oil jl 4 <ojjj ftjj (£>J 

olli^aJI <SLL J * * *" * jjLkll ft^j^Jl 4 jjLai I ft^j^i] <SjU » 


Wo 



<JL» JLj— ub^JI .*fc Jjlj-aJl dUx j .MVu < jjla (j^LLaai uuL^ £y* 

• tfJWI 

OA ftjUl j -}* t Lula Vjl uijaiu <jl uaa ^>1 n % SU (juj^ CT^ 

*‘j -^-*1 Li J_a^j jl) . X Jj » 4\fraJ I <JaIaa jJk OataJI lift ( <Ljl_^J I I |"i ftj jU 4j la 

< (jlajlj 1 t\j (jljj ~*i fc<fc< ^LaJaau L(J ftjUl j<i 4_fta_la J^Lft. jaii jiJ I Q ftjlj^ll 4 <j1 

: Lj^L wu-LS d cm 1^4w 

. (a) ftjljjJI <I^Ia Jjj ^gdll In I nil 3-fcLnft —S 
0 ! , 0 2 <iJJI *jl>a. OX 


• 1 * ‘jLpJ* jdL>* «>j ~ ^ 

(d) <ldall dlfttM £a 1 j » u^f i.ualH^j 

CiaL ft jLftil lj > < » t |J * ■ -"^J »ll JaUaI jAM^ A, uatlujl 04 Ll 

'• U** <S^ 1 f / A / ^ui / J*+» (_|-* ‘ ^jIj-aII W * 


Q = X A 


e,-e : 


(7-1) 


jjJu Jjx* <iu < S jULI dil*i JaIL ( 0 j - 0 2 ) / d 4a null 

dgaiala ££a ftjlj^JI <a.jJ ftjlajJI ^1 < <jLuuaU 4 1 1 n ilia j> m *^1 1 iJ^lj SjI^aJI 'La.jJ 

• ftjljaJI \ \ ) A ft I ^*1 1 JUM 1 jljiu jljM44 


:( Thermal Conductivity ) J 4 U 4 (j*\jjji - T/V 

Ijioj i jl ^ aU (£jlj^)l Jj Irf^Jill Cl^LftLft-ft ^jaLaJl Iji 4 t,l Vi mil Jjjftll « fth ^*1 
t jjbdfj oljlill J1 a ^jIj^JI I ft.u^ jlj_* cJLl^_i <a_)lj^JI I ^"n 1 lift UiliiV 

tl/a JaaajaII JaIjua <aa2 Jaa^jIJI <jjJj jl Ljl_^a. <Jjlc jIja dlifj 

^aa j _ > > ^ l I i-toLa tV I lx* 1.111 >ij j < oljliil 0.00003 < 0.0003 L{jJii o*i Lfcftll 0.02 <1 

Oaa ft jlll 1*1 I ■ j I 4jLjJaJI Jl «~i il i <ILa JS 4jmlift ^ulaJi <jLjift jixAiil 



L£ >1 ur>V I 


Lajjju Jii jLlll (jl ^jl >aJI iji U-fc^UI jj-* 

Liilj 5jlj-aJI j. Vwi * o-^i fJ !-• ijl _> aJ I <La.jJ ji ♦ Ij^V I im7> k j1^ • 

'A«i i £)C. > if*t ^"i JJ ^ >u^tl £yk <UlaJLI ( * Ij^Vl ij <a>j4j ^ jLlll * » >«"! 

Sjlj-aJI 4-a»jJ £* ‘ tje. LlXiuJ jl LfjjJiJ Li-ij < (JajloII 

Ja.Ij Jail IjJoc, /i «Sm » . (fjljaJI •lij^ll jjljliVI <ilaJ Jjoa^jJI oic »lj>aVl 


tojla ^ Kimll 


5,lj— > SjU J*\a 4 ^uxl! Jjxuj <ljjla — Y* j V 

( Searle's method) 

jn> w> a <la«uiljj i jlo-^VI Ci^ * <jJ-*ll ^ i_ij i n > C_j_jn Maj ^ >11 6 JJk ^*fc lilt 

J*C i *J I l«£ ( j_i j(oj Mai jj *i ~fci *«i~» <llli ii <iaawl^i jl L^j ^ j 



l'-V) jCi 


joj n~> . <JdIiJLI <jlj-A.) Qu ^jlj-a. Jo_« <..i _> < A >11 J^Ij 5jl j-aJI Ji ~ > > » 

jc jl < <1 Cuta^Lt Jjjii "LijjC. i.ij irt >11 j-aV I <_ijJnJI jjij Joa^j jjoJI ijlj^JI 

<a.jJ ■•*•■■■“* I jl . JjL #L» jU Ifa M y>»t« 1 1 «_LuliVl ^)A 4 JjijL 

— » 111 jjja JjJLa ‘ U^* L|-»OL>^ «i*JJ Ja_>ii]l t-JOilal Jo2 »U>I * j I 


WV 



Jjju i rt l jIjaII JjJLt j«Lj — ^liUI jjj SjU.1 0 111 4 ti £ 

. sjojIjVI t *v* die Jujjlll ,l« Sj Ij^ <a»jd ^ SjLjJI yk » ULI jjj-* 

< <.u.*Aill J^kld J j irtjgl I i*j^Uk jlJ Jjjjia bjljJk i j ^1 ^Ixaa ^jLLl(j 

. jLUIS UjIjAi <Jjlt SjLm i- ij i nil I t.iUj 
0 2 ,0, 4 ln..ilji i.n intll SjL. Ja»l J I JaLI iju LiL^j 

jlj^*U A ■ ...A«ll ■ ... LaJIc . ■ .j.Aitl J jLa J^lj I -| . ^yt d Cm dAj 

vjojLil yi jUI ,UI 1 I irt‘i * jj ( i.g iA ill SjL* JUj SjIjaJI Jiao 

LfJj-kd die 0 7 , (j-, ,111 jl_kj Sjlj^ 4_a>jJ < B ill t_ijla Jlj-a. J k I 

• *4^ *^^4 tPl 

£A v_i>uAlll J>U. (JjmjllLj Ajlll ijl^JI 1 **>j I jl^SV I die. 

Jjjug (jj^j m gm yA ojlDI yi Sjlll ,111 <ilf£ oll£ IjU < ,111 1 ^ » I ^iJl ijlj^JI 

^ ■■" ^kj i.lirt i R lj|j < 111 (04 - 0 3 ) jA *^l I jrtl jii *t «l 

k R 2 yA Sjlj^JI jLu LfbU. j «j (jill i -fc I < it! I 


m(0 4 - 0 3 ) = A x 7tR 2 x 


0, -0, 


— x 1 


(7-2) 


•jin I Jxi^jlll JaIaa oLa 1m<«j <J jLall 

mliail d_4jl JjJUt Jua^i i ILuLj^ll I II Till 4lfckuljj i>* mill JjLS I jlj 

iXj-a V < jLjjJI SxJu I i,i_> ~h . ( IV / J ) ll^j < im.i 1! idlui Jil j <jjlj_^JI 
. (7-2) <1 j(aJI ja J >*LL J( yijLylc. dfaJI 


IV » D 2 0|-0; 

-— = A X 71 R X — 


(7-3) 


NVA 



JxuajUl SjLa] JaIju £yyxj — i / V 

I jS (jLii 


• J j m ijJll I 4-u Jj SjII _>-^J I Jj i rf^ jJI la-4 (jrUAoI [Jj j ■ “ OujJa qI ■ ^** V 

jjJc t ^*«j — < L i ^ jj 5# I jj — <ILaJI * jjk i.mAill J[>L jjV 

(jit SjUI '-‘J ** » Lee jlfAi J>4 ~nn J <Jlo(j t J^iill iwOjlil ^1 £y» L*L*J 

iWa jLjj <xi3j^ *j Ij^. Lak jj ole Ufaj o^l U i - fc j < JjjJij 


1 ^ i u Li aj j <-il£ j JA j ijlll SjljjJ I <xa£ uJ^MJ * 4 ^ ** ** 



^ , ; . . . . i ■ 

lc-v)jCS. 




* 


ji4>4jj Ifj Jajj jLIJJ <uJA4 Oji, <>( Y-V) J<Li ^ L£ jl+aJI 
• jUHVI Cai (jojJllf jl-^n JI <ij_c ,4 fci , L|illjj ij l_)_^JI igj a *j| 0 j 

j^ajSlI SjljJ* <a. jJ 1>°>* M>i 

• 0 2 (^>1*JI ^Ja-uJI * j I j^. jj (juAJ (j-Aj 4 l £_4 *JI 

LaOiiij < ^jl^iJI (jljjVI <ll_a. ^1 J>*-<\>JI (jla* Sal 4-ijiJI jLi-JI jj-aa 
ijlll Sjlj-aJI [.u. ^jl mi ii (02 j 6 j )(jjjl ?jIja I *> iTi i V. 

(j \ . ^ojlII # I^Jl Li alii |af lll Sjl^JL <JjL*JI ^ j2JI SaL* < Ja^jJiiL 

. > >aJi ^0*11 jjAjill SjljaJI Oil Jjjm ^jL^u JLk^yllt JjX4 q I 
<LakjJ i jLLJI <ijX ^it jj-4 ^Jjdl Jujoj Joi-a 

<JLa. ok. t£ji«JI >L^j-*j^ 1I LfjJt J^j^l 0 2 L^jJI Ji>ic»L».jj 5 


^v^ 



( t l - > ~ lti '* i * (jfll u i J>£l djL 

. 0 2 ^-a>j»ill Ci rfr*? CjL»»jJ 5 >»* ijlj^ 4_^jJ (jnil ^ t> ^jiUI SCC . ) 

<1« J_jj_Lil I J J_a_* Jauu^jJL* (j^Su S <-kC^ll I m ijAjjl I <L£i£> 

( 0 2 - 5 ),( 0 2 + 5 )^ULJJ 

m S x 10 

^ - 

• J^-i> ^jl jjJI Jj-HOjjJI JjAa (^jLuj I jd^J 

£yk X AjLali ^jlj^JI I JaIjL* (jJfi J ni-fcl Jxi^lII ,*ijjU (jjlUl^J 

<JjWI 


mSxlO . - 0,-02 

- = X x jt R~ x . 2 


t 


( 7 - 4 ) 


0,-0-, 

• llii ^jlj *>ll (Jxll t jcR‘ <1^1 ^Jai ■ *■»*■ R Citfw 


• ill > m d i ^jaJI 


J&«& [J; ^ *jLJ Jj J-iU-i jl 

:4jjdi 

<tLLlj]l La jLLil t^ilwcul ^jl^aJI 1 | lj irtjj Ja'ula ij^JJU jljll <j(3jjVl <jl <j*JU 
i fol ■ t iV I Jal >~i . ( V — V ^ ■" ( r | & I't ) k-ijjjJlll Jic { jA <^a>jLaJlj 

il^lgj ^ v *j* • < 4 v*iVl jldA (ji lJ_> i^»»lll (5 >1 jit 1^1 »L» >L^i <l^ljj 

tj&lj jlcj <^yyi I J-^>U Sic. Ojljat <3kj J ^Li £a » III ji UVi • j Lu^V! 

• ( 0 1 I 0 2 

(jl^ljJI q In i ill I yl\ jl -Lill ^^udOllIj <j^jjSU (jAjLkJI In nil J}Li Sjl^aJI Ji Vil 

<j|j_jjVl JJLlj «UI jL-u cLIjj ^.L^ii j i • jjLJI *LaJJ Lfl 

• tf jL>^ u(j^l (Jflj J - ^ fjl ^gil 


\A. 



©2 



100° c 




7 

w 


62 ) 

V 


± 

-« 

L — 

a 


2TT r- 




Jj I I iji 111 gill < j ( j_iiVl ^ >111 ( jLlj-uu J - L «_* jj | jqAjJhl 

. > _**■*_ * < ui 5 / > x«j m x 1 ( 0 2 - 0 1 ) jj » 

jjJj (JVl 1 1 alt 0 , £yk £lljj <j^ojSU jj-LkljJI ^ItuJI 5jl^a» <ajJ . 3j^olVl J^ia 


100 - 0 , 

•y^l I Jj»Aa jit : ^_y» (£jlqaJI JjII olloi llUJ jjkiu ^j 

1 2 “ 1 i 

• jLJ I 1+bU, jaj jjlll JjUI oL**i^a r 0 - r , ■ k ^ 


£^UI alt 0 2 

100 - 0 , 
alt 


100-0 


r 2 - F ! 


: Jxaii <Ai.ll I all jj f ‘i > 

0 ! + 0 2 


dju^joil ^ lf>mjlll CtuJI fjJk 0 — 


^ In i <il I <J>i..i », * ql Jit^Ll IjljJkJI LfJ^Lk ^41 jill ^tLull t_> 1 III ~h Jutj 

< g*^ ...lit <y_j»lVl J^ia jJl L 2 K \\ . LjA jl 1 ill uu^LlIj < <^>alSU 


UN 



j 1 1 <Lf. I Luo_>l tiUjJ . 2 7t r L *L*il ^ Ui nil <a L >u.<> 1 • 

r, + 

r — — - — •+>■*- i 2 71 r . L ^ l <^LwJLI 
: *U jL*-» (ji jie. sdl^j 

m x 1 ( 0 2 - 0 1 ) = X 2 nrL -■ *— ■ - - (7 . 5) 

r 2 ‘ r i 

Sjli Jxi^pll X Ja^i 


: ( \ - V ) JUU 

^ V^-i-u 165 30 W4>1° lt* *^- 4 o- 4 

Joojfcj < ^40 Juft ^ 20 4^iVl Jic * ULI 5jl_p» <a>jJ 

^jLaJIj <J|>iiVl i_iuai Ijli . r 100 jLia^jUJI <>• 

§ tfl >=JI Aa^jli 1 S * 6 L*-A 

: JaJt 


mx 1(0t-0,)=A.x 27trL 


100-0 


- r. 


r i +r 2 0.8 + 0.6 n _ 

r = — - — = = 0.7 cm 


0 1 + 0 o 

0 = - * ~ = 30 °c 


.*. 165 x 1 ( 40 - 20 ) = X x 2 jc x 0.7 x 30 x x 60 


0.8 - 0.6 


X- 0.0012 cal/cm/°c/s. 



: (t-V) JCU 


I 10 ^lu 25 0.9 4 I J I <IJJ J«Lu jJiA* i. ij.oi 

o* I OJ L^ ^ '>*.*. * 4 flOO ^?o J ^j *jL> a *’ ^o J c i Ur* 

d^jl . ft 14 * Ul <a.jj Culfkj i Inj-h’i JjjUJ c-ajLl ^jk jJkJ 0 111 

^ 20 <!>*• *M 1 h i-1 ^ * ^ uljL tjljft ^a.jj J)l Ijj «UI itjui 

: JaJ! 

: (7-2) <JjUJ0<> 

0 - 0 

ni x l ( 0 4 - 0 3 ) = X .A x -. — - x 1 


m ( 20 - 14 ) = 0.9 x 10 x 


d 

100 - 20 
25 


/. m = 4.8 gm / s 

. 20 J JiC <- \U Ai 1 1 djia hi\j ^jjl »UI (jLjJJJ ^yJk IjJ^J 




: (r-V) Jit. 

* 0.4 I i'Lih) T^ui 5 1 1 > lrm» OkLuu <ljLc. ijLi ^ 

* o 

(jU Uc 0 * njill SjLL JajI . f 32 

§ <cLjJI jji 200 

: JaJl 

Q = X A R t 
200 x 1000 


Q/t = 


1000 


60x60 
= X x 5 x 


cal/s 
32 


18 "" " 0.4 

.-. X = 0.14 cal /cm/ °c/sec 


SAX 



: ( Conduction in gases ) CiljUJI ^ 

. ‘"‘iji »n i£j^j **-'1 Jj ij» i • ■* * "i j-» i ■ ■■n ‘*^*“^ 4 ^ 1 ^ ~ *“* 

. < ^<a « <Joui I_ jj # ! j-fi I (j'* !■ f u^** A ^jjk (£ - V i_f^ ■ * ) jl|.-JI ■ ■ ^ j ~jj 

I jlftil 1 ‘fj <jljU.»VI J lj ~ ~y < L <jjJa ■ ■• <jljJaxuVI 


jx^jla <laxul^J 4 In* <^» (juli 



<jj <i>*fc o <i a^i jUJI < » Ijfii I <j(jajVl £jiki e Jj jit 


jljJI iJ^lj (JlliUt < null (ill II jj jLi J4J . i^Uu JoJua 

i 9 ! ft 2 I * * J 1 ■"■* 1 ^ 1 ** 1 * ?*ljt»“.VI ^lj 

: jjk jliiJ A, Jj irft'jlJ I Jalt« ji ciLj] < wul^ill (jit r j & r 0 


A.= 


1 

2?tL 


Q 

0 1 - 0 2 


i 1 2 

In — 


r 


(7-6) 


ijo j , | i T>l l (jj JjjjJI V < JJUI (jj jlII (jiLj j<ll jLxlJI S j-Ju I 


• tfjb^ Jxuc^ill Jj*j» ,jji Q iiA 

Jv 

J 


ciJ 1 — 5 j 


jJa^j < <_uj 4^1I O^jlL* (jj J_iii) I 6 j-|Ix*j i^aih'J I >.‘ 11.41 ijij^ CajJ i jit (_^Llij 

(jit (-Li>i} V t OjIj jlili, * jit J j irf>j-lll (JaL»_a fjl J_a^j <j| ll* j^jJl 



iCiIjittl Ci^UUu y^WI-V/V 

: ( Wiedemann - Fran/ Law)jJlj$j <jjjl 3 

^jI^aJI o^L*L«u> ^Lil < yjL^j Xjlc jil jijjlajLhi 

(jJ| Jj-uajJlll Jala_a <ju < t j.i'JI jl J^j ajlj < Jj.i^j-lll >,l_t cJjlil I (jA» it 

Jafi. Cl < ■! ji La I jl 4 Ijalj ijljJLk ii i‘il i Ciljiill jjjLj-fiUI Jairf^jal I JaLa_a 

<A,jj £_a Ljjia 1. 1 1 iiiiL CajLJI jlxiJ .1 Hi (jf tlltj JJUt , i.a^j . Xjl^-aJI <a>jJ 

. ttlkll Xjl^pJI 

^gjk olji-ill yi JLilil i- it i « i~i yJI Jalj_aJI jb SjjlLLiil t<li Cij < n i Xij 

Ijjk oljiill jyi XjaJI CiL^jjjSUVI CulSk Uj . I (jill Jaljjtll (jail 

jJiil JiLl J X j-aJI I *j-A (jl (j4£)J £joil dJ3l < ( 4 Ij i^jj (ji ^ ^.u 1^111 

Jj_>—tn (jc jjJI (j(£a (j-a Xjl^ail ( Ci U f I ) L lij ja* Jj'ui 4 ^Lil jLaJi <j,mj La 

• oljjl I £a jl l| ■ Aai £_* ^ jl irttll oU ai* j Lml^j <jUa JjLj 


( Heat Radiation ) 

: £Ui *1 SjljaJI Jliul-A/V 

(jjj 1 LiluV I <LuJjj Ui *a a l_)J ^1 ylj Lai m il ^LuaVl ja »jl jal I J l i i j 

^La—iiVLi , |J » ■ j ~'j “I lj |J ■»•■»- II 4 ‘ ■ ■■‘I! - JLJI jjl 1 a*> Xjlj > 1 1 Jill inii^j 4_^LaJ I 

( ji JilH (j| I | -j M j m_tU LaAaj^ia £ Ij-al <i| ita.-a (ja 4 »J <All 4 a jj l fi (jail <J jljjJi 

J£*i ^ la£ mil jJil (ja jjaiia (_>uaaxjl ejaA (ja ^LuJu ja 1 3 li . 

(jlLa <jC. ^ Iui a (_^»jL*ia jj <Uatilja <jJlaJ.I i ijUJI a I j^l Oj iIaI ^5 ( 0 — V ) 
Jju La <iiaaa fji XjljaJI <LakjJ ^jJk Lu_^aia LfiLdJjl . 4 Xjl^^JI (j^l iAiti'J 

. (£j Ij^J I ^ La.itiV I * al~‘ t . j| 1 1 I oaj Ajuhii I 4 lira la u a 1 nl 4 ^a*aV I .*i a ll I 


\Ao 




C 0-v ) I 

Ij '•*'* v LlJrJ I ^jk ^jIjaJI J^ljuiVI ^jl^A ( N ~ V ^ J^i&JI ££Jl)J 


i a»Ull | ^ — y ) Jj>*. 



"ijuiti 1 

10 x 0.15 J\ 0.0002 

LIa ^AluI 

10 8 x 150 Jj 0.1 

is&lhJL) 

10 8 x 3500 J ] 100 


10 8 X 7800 Jl 3500 

* )^’*^* *“* 

0.04 J 1 0.000078 

| lijljft J a 1 ja~h ■*■** ?»iiil 

10 6 x 10 J\ 0.04 



<- jmL i>. *k VI 4 ni l t <^jt-4xa CiLa>jJj SjljaJI ^ >!">■> 1 1 ^Llu^V I 

i^uiVl ^1 Ij . (J^SkLuj | t i i< a > {ja lijj LlijJl la Ijl <J jiaJI jj-^l ■ > I JJjjJb ^gjl^)^JI 

Vj <jlc JojLuJI ^jIjaII ^IxjiVI ^ja < j ^11 LftLoj jrt*> >j (^jll »...^-tl tiilj ja 

OA (Jil Lulj t 'i^ j la "m . ^jLuuj 1 1 r» ~i al J^LlUa ^jl . 1 *tji » 1,| ta 

• l| j l f > tj A aj ^l^a i l i_i jn u ^^jA.Vl ^LjaafcVl ^j a ^l <xmllli 


NAA 





i irtlat I SjIjaJI 0.4^ (*>U tl I Cb L* ^x-tta. qJoauI jj— I ■ -~" I J «l » ■«. . 

. jJwJI Jft <L5LJI Sjl^JI <L^ Jl 

^y» t jI >< )aJI (jj «!S <_uLJI ^uli Oli X K it,n> i ii lj|j 

i >*| j < jjJc ijJui j u~i < ^abjL^JI ^-fcJrndu (j« oLali i JL I ijja^j 

• ^ .. S JLI ^LuuJI ^ «j iU l jlc i . P .*•■! « »W | Sjjij * ■ -^11 6 jjk 

ji ^ iiil Lx* Jil > « yU 4 I i ii llLi Lid j* in It ^L>...1 >.l « i iV | JjXl 

jjc jl^. nJ t ^(3 ^ i (jt* Oa> L ill I (juLi (jt* ^ .i t u L* Jja~* jjJj (j« ciL*I.i itl I 


JjUiil j-^/V 

: ( Prevost's theory for heat exchange ) 

Lh» jjL«all £ U tiv I £\jj C.^i ^jljaJI ^(jluiVI L*Lw »— ijAaJ 

£^it LaA J irtijj • t tl I Ok Lmt 4 * itln jjJc (_^u4j < JaAJ Ojljjat Oa^jJ (jskLtu 

4-^.jJ ^ i ii it ^1 (jl l-Ajj-aJU (jj*-i . jt i u al I (j>* 4 * t jill oLa^yll (JIjJbI ^LjLxiVI 

1 * 4* *lj-*jk Sjj U'w * o_ti.l JL«jl jj (jl t jI^*aVI ^ IxtJ j* 550 

. i ?t 1 1 3-fclmi <JUxla,jl <ijL» oil^ 

<Uj it 1 1 JaLw^jVlj<IatLuJI f Lut^Vl JjLaoJI <Zu.«j-ijjj <jjiaj 

Jeuu^il *jl^_^ll (jd* 4 k *£i £t!m iJ (jllrj.1 j > irtll <JkjJ ,* yi ^ m ■k ^LA . I,|il4 

I jjk (Jttij (j_* SjjLttf Sjlj^il (j<* Oj_*j£ CtSjH (juAi JtLlmti LS < O lr>J >1 1 
x . .. x.lt jt jjjlirtlf OuiVl llj *^ «1 »<» 7 i ^jl-k ^jljtaJI JjLaaII I Jla j *t iiijj . l U tt^ll 

• t£jL>^ *LIL^ ^ Ja-u^llj^-uuaJI (j| : jjjlc JUjj Joxu^JI (jd* oj] AJjljJlj 


NAV 



( Kirchhoff's faw ) : <-i — \ * / V 

<Zj l * iiV I SjJlS <xxulll Jjjij <UjJ die. <il J^lx ^ u Li 

«. . .. ^.11 — 1~. .. ^ a , , L ^ic, t V » Ll 12 Ijlji » U |>m% ^Lw,J (jaLw^LbVI ^1 
^ ■ u-^i itiljujVI 5jJi ojiill I jui (jjlwjjj • < «.U I <-a^jll Jjiqj djl <a* j j (jJe. Ui i (j&jj 

, jl^uJI 

J^lj < <J Lii *fcj L* Jjfc LjIja Vj) u I yajjlj ^i wlill I j-A oLjVj 


I JJk 6 . dja o SjIja U>jJ <1 ^jlj^ ^(juJuj jj- 4 ja.Tfcll I jjk 

E = I : ,jl iikjj iyJLi 4J >^ul » • ■•^- t ’)>4 E iUjuV I SjiU I ^UmVI 

1 ojur ^IjjVI <JU, j j ->ll Ijjk |J»lj U ^ i ifc^ I jLi 

a^ ■ — ■ ~ wi ) JuL>-> jjIS I jLi . ^utaJI j_^s < a.ilJJj 4 irt‘> «11 Jjlj-^JI 1 1 j mTi 

£»la t*tV 1 Jj» 3 a LJL l 6.1 a . i i‘y« 1 0*1 »Vi t*iS d H ■* i »l » *j '^j 

. I = : jjl 6^ «l^LuJLi 


E 


(7-7) 


: jji <jJu gjlli jj^ilill I . UjA^ <jtjjU culu I 
jjLjj V <il US <jj*i -»J ^ jJI j-laJI A a j iin ^Jc Uu>L V I ^LaUuVI — N 

. <Ajli ^^jIjaJI jjljjVI <JL> Ci I Li LLUa <UldJ ^iii-Ji (J&Uaj 

•Ujj (jjSj Ladle. < <Ul« <a^y» Jjio <1 ^buiil ^>--1 . -~*/.l ^Je, Ijjli L» jjlS I jj — \ 
. djlj^. <ajJ £_ijj Laic. l^!uu ijic. IjjU Uaj| jjjSj <jli < 4 lAi^i'u <jjl_^ 
(jjM^Ull LjJU < X InJ 1 U If C>>i • Jj 1 <<•>! I ij* 6j^ Ljirt^l I jj jlui 

Lit * 4 i A i~>il I SjIjjJI CjU J j jlc l|jlf <k»luJI O-uiV I jt Li» a kjSII (juSwil < 

I jj U I . A *IUo jJjll l <JalU) I A » i mV I 4>ajjV I I oJLi jkllii 1 >i» OuV 

< kjjiajll O .i li VI <iloa-» ^La^uVI 5jjU kjSJI |t j ijil t Ctkjkj 



Sj£JI c4>m l » t it • (jALJIj S .-.-v i .-»! jJi * 1^1 I <jlLS jjl .LaJ 

(jollAlil j*. LjU t*^ 1 av-Vi ^caui j ,> Jju iM^ • r*u u>JJ» Ji 4* 

4_jj>jJJ <. fci!i Vl i»i« * (jit IjjLS ^ij irtj IjjL 1, v *>t < <->lf <LuLioJI 3 « itiV I 

■ I dij (_>u£t ( *‘m l*j • (ILLlu |u<^ I » '** < <Atj.Lt 

. (‘iv li Ui*t cujj I,i4j 

: £UuiVl 

^dll (ji I JljJol (jit <SlUI jjJ <p»li (jdt £ IjuiV I (jjalja. CM ujJ 

* ljA£h]l ■**‘^~ OulVf ytJ k t ‘ “ killj (jt ^t*fc > 1 11 1 jjj . jIjaaJI fUl ^ 1 ii^ll ^LumV (jiSJI 

I (J^LlOl 4jMOl| » • ^ I t 1 M I Jillrt< (^4 ' ( *^ — ^ ‘*<1 1 (jt 



£_I1 I (Jt j t iti’u (jit t OuiVl *L» j-ii (ju^AJ M j it J4 (jit Ifli I il i l V I <JA 

(jit j "^‘ ’* l_Lt_tia Lfil^ < <jJ Sjlll <_tjlj^JI OlmJuVI ( j/uiu V ££<ill i fc »t fc ll 



Jl^ial jic ^ IxuVI Jt^uul < (Jx^ykjlJI jl| l if WuV ( >1 Mj * Ij4 



^jk 4_a^II (JjJa jljjl LaJS jljjj 3_2UaII jjl liLiijl jj < 4 Sjlj-aJf CiLajJ jjc A/ 

jJ <5LLJI liJJU |jyy (_fj i<il L*jJ jJj Jwaj < « Ijbt^JI Ci~fc*t <AuVl 4 >Jrfc>* 
<a.jJ cji LaJSk E ^ <LSUai) <.«+! >jZV ^lallll 4_a^ll J^Is jl Jjjj • JjJa jLtjjL 

^■luaJI t_A.lic. ,’i jjJJf A niUX <a^il JjJa SjIjaJI £* L.iyifCf. i,.u nLH^j . ijl^>^JI 
(j^Li jiktjj . £gl 4 A.iViSL* fuyiL ^liilill IxA . <Jjl >JI <5LUI £yk f£. ^j£V liutt* 

: <Jlyll ^Lki^LjH S jj ijrill £gAI I 

A max . T = 0.29 

<L-a— ill LLL {->-+ J ^yiyiulfJI JsJLt (V-VJJ^I^J^I^I^I^ 

. lillaJLI ola.jJ jifi A , E x i^yj oLisfcill 

£—a E ^ (mUX ) Ci l ij’i'fcU I 6 XA ji ^ • ill ^Liyjl i-S^LaJ I Ltiul Qj-J X^j X^j 


CM 


(jl oljjl Sjlj&JI 


E a T +5 

K 

CL X m 

uij Quantum theory <u£JI <j ^li^L^jS^d^L^Uk^S 

- 4 *jj« 1 1 4 fl\i . II ^ , AA.j "k ? T , 


E x = 


1 


^ 5 / tJ _ / A . I |. 

X ( e J - 1 ) 


( 7 - 8 ) 


OjIjj C2 & C | 


: (Stefan -Boltzmann's law ) - £)lijiy* Ojj\S - S Y /V 

6Xa.J 4 » , 1 t i i , I 4 _>KH ‘LiLtoJI 1 X & E x qU _)_>.«.")! I LjaLc. 1 I jj 

E ( total ) — 1 E. . cl A. E ( ^ 4jjlil I ^ o La*. L » Jl I 



elij , ( A — V ^ 4 .KM <2UoJI hSM <-n_U ^ *»1 1 4 iKH <_^1 ml I 

Ijjl ui^Xjj E ( tOtal ) OC T 4 *IU 1 1 5 jlj_aJI <a>jj] ^jl^l I ^4 <i UoJ I 6 « 1 A . 

: 4»J.J->II ijlx. ^AJI j jlJLi 



E = o . T 4 

^ La-bM^Lt jjliilui ojLu jj / ji« / Jilj 10 x 5.67 ^ t*j > cuL o ii»j^ 

■ cfjb ^ 1 

<j* *jl>* is^ fr*^ <ji ayW II* 

4 > ■ . . -I . . jj , I ^1 I.I^VI jju jjUoJI t U-iVI < (jlLII jJL-aJI 

■ £-111 j> 1 1 )> II H >IHI *jljsJI £jljll (juV I £1 oUkUall (])* ^UjiVI 

T 0 Ojlj_^ <La*jj < ft j !_>-»■ Jil Joj^o * ||)aLu| * • “ "f- tlftljj Ijjjl 

Cj— ( jiijJ <-jJeui tlij Jo— <j)l Lf.ia.g't^J ^jjJlj < (jlL-J I |> mnJI (j* S^jiil I <j»Uoll j I 

: (j-* JjLHI 

e^t'-ot; ( 7 . 9) 

: (jj£a Ja— ^llj oJI Sjlja. Jjill (jl£ IjJj 

T = T + A T 

O 

(jl»Jl|jj - (j Ufi Mi (jjjli . Sj I jjJI oL.jJ jji ji AT ioa. 

E = 0 [ (T 0 + A T ) 4 - T 4 ] 

<-uLAlf 4_ojjJI (j* 6 jj i .oil C<( j a^ll JL—ft^j < jj- lj_»V I dLL mJjLaM t SA jl m~> i> I -JJ 

: J<rt.-h*i Ij^Aj A T 3 , A T 2 : Jl* jji L*i 

E = o ( 4 T‘ • A T ) (7 _ 2 Q) 

Jj^b * jja-LJI ^ ■ " 7 I • t> i jlj-tJI JjLft J J.a.i« ju I ■ •* » 1 > i i>lii idLaft (jl ^1 

. jLijilll (j^jxi (jjjlii I JLA , jjiuft Jjill lift (jl ULL (AT ) Lja. 1 1 Jo— (jil 

(jyL L»juc t jL*ji(jj — ,j Ual— (jjili (> <—oLi jji Jjjoiu (jijjj (jjjLi (jl (fi 

Jo— t>llj (jLLuJI £juj^JI (ju Sjljajl (jjft 


(i-V) Jill 


-5 


SjjJi cuL£ I jli . I jj-» 10 x 6 »jLSj lj-_» 0.5 (jjLj4 ^ J+ii JjL 





(jlL-JI JxLaJI {j* ^(jcJuVI (jl jLitL . Jj*> ill *jlj^ oa^Li < Hj 60 

■ U**^ 1 ^LaJuj 0A 80% 


( <a>jJ / jl* / Jalj 10 X 5.7 = gjlijlm Culi j 

: JaJ! 


JUi-fll Ji— iJI Ja_ « — » = J, L.ill ,> < . .Ml <_JLLJI 

0.8 x a T 4 x A = 60 watt 
jJaJi > i m* i r di j -» 2 k r h Jj.itll ,jajL»JI <^1 <«> • LF >k A >»j ^ 

. <(jia ll .Jjlill 

0.8 x 5 x 10' 8 x 2 k x 3 x 10' 5 x 0.5 x T 4 = 60 

T = 1933 K 


: ( Solar constant ) ^-*411 chilli -ir/v 

< i »*>! kijJjj < « liJI Culill ji oUJI f\y*xiyjk Cul^ll ^dftl ^ 

ji (jijV I ^L»n> 0U.LJU jJc (ju»,i*»ll |^4 Lj^*f iniml jltl ulJJI 

(jit UkAj(j < ^LL (^jJI (jt£ll v_a2j_H a 1 *,.it..i (jl . «Ltil 111 
CulSlI I Xfl i l I (jl Xa^j Xftj . ^ kx .i J I ^La_i£iV I {J lc. ftjljjJU <-ua»jLill 


(jn^ilJI ijlj^ <3kjj jujbZi cuCtll 111 ^UiuIjj iV»^*l . <jLkij / ^lm / jium 1.94 

. £l ^lll ji |U*U I I * ■• 1 >I«1| UjLiclj (jLtjjhf^i (jlftj)i II (j_JjLft Jiiku 

Sjlj^JI <1 «5 (j|j R (j(j TK ijiumII OilaJLI Jjl^aJI <A)J (jl jAjli 

o&. E L^oJLll^l 


E = 4 jcR‘ cT 4 


(7 - 11 ) 


ju -CftL^tl ctiL^ I j] • (jit^'iMl ^ 1 at I (j^l.i n J 1 |ilmnll <a! 1 m j (jjft 4 JtR i _ 1 j 

1 oUiLaJV I ^_i 4 a. jjj (ju> .111 (j« <xJ*il h^KII ULLJI ,jj£j D ^jV 



(j-ojVl jl J_* Aj^l (jlil.lll gilni Jl <a! ^jJk 4 71 D <a L iu (jit Li>i nil 

. ( ^ ~ V Jlw jlul j 1|A In lx* .i^l jiuiiJI 

(jii » i nil 4. loil i nil 4 j 4 ^ 

j-* I jjia-*-" (j-Lc- »« > - >J jji o L- a . 1 — i-u-ll 

: K (j«n4i*JI culill 



K = 


4 n R' 


.of 


4 it D“ 4 7l D‘ 
R 2 ~ 4 


K = o — — T 
D 2 


(7 - 12) 


t^-V) jdi 

cg^ju < 4j£ii (jjiaj 4 Mil I jStj* ^)t La jjujj (jAjVl jLi i Li>i 

. mil jof. Lj_)Aj * — • V l ‘tli hi ctjji (jll I (_)U4itil I 5jl_^ 


(° - V) 

(jt-L a i t I ^jIja jl^l <JL». (ji L|_j| jjAjV I gvJfeuu Sjlj^ 

g 

(jn 4 itill (jt jajVl A 0 jj 10 X 7 (ji >4 i*ill jlr> A i >irtl J > 4 tl < (ja 4 iiJ I 

? <a>jj 6000 ju4iii <^kwll ajIjaJI <4ij^j < jm 10 x 1.5 

: J*Jt 

X (Jii4mi|I gUll» 4*fcl 1114 xo = ^41111 (> ^i^yi Jj«a 

= o X 4 7t R 2 X T 4 

s s 

: (j-A (jijVl ^LJ (jill <iLUI Jjm 

7C R 2 „ . 

— xox4tiR 2 xT 4 

. n 2 s s 

4 7C R" 

jj-A 71 R~ {JaVI jJa-A >■■ A i a . 1 ^A R c • Lry o-*-JI>a R & » ■* 





| N • — V jJcul J jojVl ^ In i ii L.4 >»f juauJI U < * i| jjf ,U>« m (j«JI <a.Luil 

{yk jjLaI! Jj 


o 4 tcR; . T; 

c c 


1 2 'T'4 

L c • 1 c 


, , ^ d rcR 2 

a x 4 tiR 2 . T 4 = a x 4rcR 2 . T 4 


e e 


s # 4 tcR 2 


oVjLlLI R e < i\rk jj 


r 2 

ryil) rp4 S 


4 R 2 


/. T = 6000 


7 x 10 8 


2 x 1.5 x 10" 
= 290 K 



l\. -v)j$C5* 



gjluJl 


* III * j L» , £jj_a jJLa *jlj *> II Jj^jll 1^ rfclnm <a ! ii ii a j«l *k’JI (2>* ^^Lc N 

jl.Lak cLa.mj • |k 150 ^a^Lill |^>^LmJI < j^jLaJI ^ 1 I nm ll ,jl^ Ijj <aLmJI jr^j ij 

. ( ia>jJ /i / ^u« / jAwt 0.9 J^liU J ? ^uu 0.7 4^L*J I 

r 

^ Cxijia XaI ^ue^3 ^uuu 4 <>lftiiA Ca>Lm^j 28 <(jj» ^Lialil t^a S — X 
jij JaA I I j I , u L^J JllL^. <j Jqj|-L » Jji >V I w_ijJoJI £^aj Lfcjjj > * La jlikJ <ijC 
ikjj <JajtU jic kjljjkJI j Lilli iiu Ja^l . toualll q L»m Sjl^^JI 

^ JjUl tjU4Alll Li^Ja jc ^ui 3 

LljJaJ (j )m 1 •‘kill £yk <llj L*ml ^jLaII ^a 4, >l*j t 1 AjJaA i.i l.rtll £yk <-iJ irt A — V* 
< r ij fcA ftl I Ijjl JjJa jjLS Ijl . Ljl j-i. <Jjlc 4JLxl» 1 1 ,_tl c. i 2 ^-AjLaJI 

: Ja^jl f 0 < r 100 <a.jJ jIa Jii^j Ijla 2 i«j£_>1I 

$ ,_,j,A 5IL jUI ^jJ^II (£jI„>aII jLllI : Vjl 
$ u -l~'Hj • - -«»H * jL» J£ La ) ) ^1 jjll I 4 j mill ijJk L» : Lt_ll2 
la 1 1 (^jl^^ll Jj-Mjlll ^LaLua <<j>uitl-L a i£ljLa J^a iftai JiLi. ^jl^a, jLil _/»] — 1 
J-3fclj iJljJo {ja I a | n=» « il La-a (jg lnai a i j n-> >11 JjL^j « cjul^lll 0.9 <0.5 
i fMu 10 f 100 <-a>jJ |ji JjVl I, i j i Ail l >-* _4» tjl^j . >_ulj-aJI t^a 
AjL^ ^-*0*1 f-“» 30 >i-*A 4-a. jj jj ylLSJI t-Ajla jjlSkj 

ja ^ Ini * ^aI i» ii a ijlj ( al t ■ ^jl^aJI jLJI a J-.ti ia^| < Jj i .til I ^ In mil 

r 

^ j>.i.ii 2 lj* “ ,, * > *ll 

<_£jl»JI ^JekAuJI ,jl$ IjLi < i glnm ,Ji» A vlHjSll 10 I j^a i n JoIaII 4_iaJa — 0 
jli l .A a i it _il^H dLa.m jljja ^j^UI ^>ajll Xa^jL_» ^ 15 — ,l‘i,.f Cfa. ■ jlS .1 _tl ^ U 
0.9 i tj 1*^1 1 <il^j ^a. / jAm 80 J^IaJI jl| laniV <lalSJI SjljJkJI jU Laic. . ^a 0.2 



$ ^ 0.005 <1 J-»Lmj < ^-u. / ^ 

10 ttlCjlj 2 ^ « i t ^j < 0.9 ^jIjjJI ^l j u» j4 J^Uu juLjJI j^U. ^,i Aj — *\ 

fj-t £ g li rt > * >a 4-1 it» ^jJj 4 amij i 9 Lj| ( jj ^ui 15 CaAjj^j ^wlu 

5 (J-* (>» Jl < *» * * La 4^)1 - <_,-• eLa jlka j(_L» >a|j jJL* JjVl 

S jIaoII <j «. i j&Ij Jaxll Jjiij 

^14 ^aIum <JaiLuJI O y I ^aJ I ^uaJLII <AjJuf ^ 1 i ^.i mil JJ(j 4 4 L • •• (j * ij^Lal — V 

lt* •** 4> 10 <ll£ L.L: >L *H ^ jkjiUI ^>>11 J^ji. <l«ii ji 

/ in 1.94 (j»i 4..SJI OiljJI i>mj*i 4 jli Laic ^ <JoCiJI tit { ji CiCiij ji^dl 

...... Y 

* -4 * 

10 jLw <J yu, < ^-a 1 *jlaJj ^tut . ^3! 10 X 2 <jcjj]l <lajLLa ^jjJLa i±1Luu — A 

-4 _ 

CtljLa^j 10 X 6 J^lxa Jjlc. ^ya ialVua <>Jnt 4^ jjAal 

. fwuu 1 Li^Joij ii . ^a. . 

(jU Laic t i jULI 4X4! |J i^ljJf ifr^lii Jl Sjlj^ J jrU L t »d I yk La 

’ Y 

jl 1 n*> 4 _jUoil y* X 4 —tj LAI I IJ t ju t .tail I ^lauua y* J 5 t jjL-S I jl ^ 

JjU Lalf (ji> tiiii It ^Limll i.uii ~a I — * > j » in 10 X 1.5 

$ jKlu/ Jja. 4.2 

SjIja ^j_L« jjj ^wlu 2 LkjJoi > v ill (j-« * 5ji CiXi Aj — N * 

S JctljJI Cululf ^jA 5j£ 1I jtjij (jill iilLJI <i .t\ jjJk La . (jcl£ 180 

127 <c.jj Juc 

j-^jj-a jt^ t iL ^ 73 “■ L^jjIj-a. ^uui 2 La jJqa * i i c i # m — N N 
jjU ^jIjaJI JjUJI JjJLa Jjl jtic I j| . f. 27 <j jl jfj^f CaL 





5 jlLjlui cuIj Uajli & / dj* 1 1*85 J* 

Lt ^J»ij ■** + ^LxmVI ** ' " jlj iti ,• ^ i ii jmaJLII jl L^joaI IjI - 

SjIja <_^jJ JL^jHi . !jium Jl 4^ <taJLil JJU ^nljm i,ii ill tl 1 

SjljaJI 4)U ‘ 10 X 14.72 fjAjltl f jAiJ l^jU Ulfi ( ja4 i a l I 

* . im j 4>b / j*** 1.8 (_!-* (^oAuill 4>-* c>*®j^l jiw-ii J^cu jjjJI 

? JUjlS 10 s X 7.04 >1 

^jjk CiIbIa ^jjk ^UtwVL ^ui 10 LjJnJI Jj.l-hJ I 4h* \T 

i ^ 199 ^ 200 o+ Sjfll *i!a jjjj { JZ1 ^ jiUI 4)*jll Lc • c$lh^ j^L^II 

$ / fta* / 0.11 JU.L-^U LcjJI Sjl^JI (jU Laic. 

jla 0.006 (jlLJI »j i/i'it Q^ifun <i^l i ji > i Jalj jL£ i»lj Ojii jlibu - N t 

$ ( <-a.jJ )/ 10 8 X 5.7 (jUjImi CaLi jjL Lie <45jlj»i <LkjJ Ja^jl .^jjc 

jjlma S T^JL I S/u jl ^ich i ^wui 12 Ljlal SI >4 < !«■ -Ijj juxiiJI liuil Qfcia^ ~ N 0 

j« i ii .al i LluJI jl ^JLc Ijli . <Jfi <laSl mil i-iUal I J£ jaIu jiiIai 

• iN* * J *»> <j-i CiL^jJ 8 J-ijjj Sjlj-aJI 4>(j ‘ / Jj* 248 

4^* 4jLaj1I jjJ ("jAjVf q I n i ii 4>c ^jjII Li'S i iii ^lll Sjlj^JI if J, i^ i^jm-fct i 

9 <*4t U^iVl oil* 1 jl I i^iJ! <iUJI 

<iUJI uuul < 43-uiV 1 4v* ill^ jIIm jL 50 x jl* 20 uLul Jjl* ■ “■■■ — \*\ 

9 (^v aJ I iljfil i/i Jiti 4jm 41 ti l I <ilWI v Lrti 4)1 l^icuj ^jjll LtuiiJI 

• 6000 = (_)n 4 1 ij I tjljk Ljj 

• % ja / Y >/1- Ij 10‘ 8 X 5.67 = 4,1-ijL. o— *12 

. Ijl4l0 8 x 7.5 = u .. >.*.1 I J Ls. i.v. 

• Iji4 10 x 1.5 — (Jilliijl 4)6 ijCjVl JU 



Ciljttll 

( Properties of gases and Vapours ) 


<UU1I CiljUU jaJl ^>Jaj - \ f A 

: (Kinetic theory of gases ) 

SjIja i j]c, <cj+u* < ^ ja jLc fj] oHj^> 

<±Aj • i |*>^.>^ olL jljji oLL>aJI tejduu Oailaijl cuuuj I l *Ki . jLaJI 

: <JU I <U>i nill Qul^lll cJjliJI (jj in'ii <1^1^11 Jjfi <i1 Ja^j 
£* I j jLill Jna ijt '.* * *“,* ( t>* < ‘‘.‘* * il^l Ol j^ic w Li — N 

• ^jLp* <*O j *= 0" ^ 

< i | m y *fc Oj iVi jl* i»l a <ll^ ^(]> ml tLk <il jo>jj ! JjLw — Y 

> Cjljk iaijJ ^4 Lji^L jlill Jaa iJ» jljjj 

Ciljlx. L a i A <j1 yit : <-uj-aJI J^j a . A ll (jj-illj <j>L3 - X 

jl « oljlill fcJJfe Ifi ^jlll J^ 3 » «oll a (£jLwu < j ^jJI #LVI (jljda. 

. #liVI llA ^ yi tjlc. I 4 I* J Sk Oa^j 

. uijijIiV jlii ialklJI <SLLJI jjl (jic. Jxjjli — £ 

Iflc. jjaIjj < oljlkJI ljM (jjl j ajfll jLaJVI I I JA jjJUj : oiL^l ^niLt — 0 

gjL cLIj^j t L 1 11 1 ^.umIVi 1 1 ijt (j j£j LjIoaj^ <UaHI oljliil h 0 ^ 

. LjligSUI IIa^jJ Jalilll 

<L^jJ ^^uij jlc oljUJI £)-* <jjL-*Jlll -v.ifc ll (jJc ~ ^ 

• oLlj>aJI J^a JXaJI " > ffc~ > L« . Ji ll ijttij Lft Ijj&i Ij * Sjl^aJI 

jlx <^1 <ja C»Uj 3 *JI -WA CL jyjLajil JO* 

. nfj*. 10 23 x 6.023 



: (The perfect gas ) uluoj fUJl jUUI-T jts 

Ui iA Ci'fc’i oljUJ CivVti ml 4 jujaj Quljji L| l$j — <JbLwJI O I jLiJ I £>Cljji {ja 
6 jjk i jlf jj In *» jLc J5k ijle. jILij i<(j < oljLiU L« • ■■■ ■ ■_■ LI .*■* ...I » 

: oiifartll OljjjaJ (j jSiij JjoJI < Jlill jlaJL olXbA(jJLI 

dl j ~k Ujj I * 1 1 qjla i jlirf* <i!il >*> olj£ ^Jlill jUJI oLuj-ak v_i£jJu 

^gj~t~k I I (ttjVI £A I | Irtll £A ^tjl MJ < ij «~l i II » CuIjMtf O I 

<Sj^ <jiUa Ui , dial < a i~ti i | ~t*CjA <LSUa {ja *])-*• C^l 1 * (jl (jjj < LfJ 

oCu>J I ^ j *» i ja^jlV IS . jLaJi <iiLll SjIjaJI <^j j ^a L«ijU LjuaiLI 

, jlilJ ^jSl \ <xutlJL ^ * 1| jfrtj jjiil I 

I i jA ^HII jLiJI Ui i A jImVj 

J£j . (x , y , z ) oLSI^y I j j l >i* < jli.4 ja*. ^i»lj jU {ja <ja^ 

. V ftjJJ 1 Jijtij ol^aJI N JJc. jlill I JJk ija 

N 

11 " ~\T Lf* 0 ^>?^ JJt 

j UnJI ) < ~k 1 1 ^lc Ot^«C £Jb ^1 uit I tii j(j » LVI jl<l^ AB i^LiU ^yCk^yLi 

. (\ - A) JSLill^i IS 



X. 


('-M J0u£ 



^jl .<•>! I jjj . mv <ulC (jjSu v in <&£ c*ilSk I jj 

— mv ^ >1 ■■** H Ju 4ji^jjk jjjSqj -V CC.J mi Jjjj <iLi Lij_» Lol 4^»~i #££j_aJ I l«LA 

2mv = mv - ( - mv ) (ji tdljj uJ&JJ 

Ljjj_a yhjju OmLIII yi AB <A 1. mil £_* oll»>aJ I jfc jl i rfi*i ol J.l g. v Lui^4j 


<ojlj JS AB <aLJI ^jLuajj . <Lilj jIuIImi v x 1 <jLu* v cm/s Oc^m 
. jujVuh V <iLJLI JSl jl (jr tLij Jju jjJtj t l|_J j <|y‘u Uj£* j^ill oLujaJI •■> 
LS V lfx.liajlj < AB IfjJcli <a L m . « JaIj olju^aJ I »jjl 

.(X-A)JLlllyiCfr. 

1cm 2 

► X 


« V » 

< 

o-* ^ 

&+ 

O— * 

o~+ 

<- 

o-* x/A 

O - ► ^ 


B 


m ®— ► & 


kA 

s -+X 


m ©«- |^B 
-v 

U-a) jCi 

<LaI_*u_« — <LjljLi>*MVI * jjk ^ -fc S j-ajJI i . I* AB <^L.«JLI jj l jl jlfL 

JL» n . v jjk ^-aJI I3> oLL>aJi jj-c. , v x 1 = ^LCjVI x ijx.L2II 


I J-A £>"• ■ 


1 


.AB <aL.JI J (ji olm.JI j^ a! vjta^II *IajVI yi JoJLft — (tiv) JJaII 


oLVI jljA {jj* 3-J...U L|m»jLaj JlA CjI^jaU 3£jaJI yk 

= 2 m v x 4- nv 
6 


\_ 

3 


n m v 2 


yl*. oLjj jaJI £4J <S>aJI <Xk^ yi j j « * >ll I jjl (jjLuu : <£ja! 1 ijjjLi 

: y\ ^1 P jlill Ja«.iA ^jLuu £ijJI I j-Aj . ^jl .<~»*iU <aj1j #LV I jl J a {ja <aLuJLI 


Y.\ 



( 8 - 1 ) 


D 1 2 
P = — mn., v 


jajJu I i ijftlj jlill oHjjaJI olcj-uu ji (ijuftl till Ha 

jiuall # I.l1jI C(jliS otujaJI ji <JL2aJfj <Ui«Ljll <oJlx!l kij^i 

I JJk laJLhMj . ? L i i(jl« A *U Jjo» oHaJ^Jf oLcjxu ^ <j£0 «’Ll^jV HI jja^j 

j* v " oLIi>JI Hjyi ^4 Jiiluii 1 |U|.T>I iALjII 3^LII |j4 J4^1 Uji 

3 4ji l I ijc. j i « j V ^ itii JaaJl.i « V i <Lcj-u< £JJ_4 (8-1) DjLaJLI 

. <1jLaII ^Joa^j 2 L . 1 1 


-7 ZiClljVf) 

V = 


In 4 


i = 1,2,3, 


(8-2) 


cr Aol4jj^il cr KJI JO*II J\ { jA'±4J ■ Vj Ift I oHjjAtl JJA Ilj £u*» 

. Zi n ( jlAil 

jlill ollijaJ UjuJI Jtmju jJaj VT 


root mean square velocity . r m s v 


tiUalt ^jjjj — Y* / A 

: (Law of equipartition of energy ) 

iljUlti j-u jiiii jUJi u-i, J ulsJ 3^ 

D 1 — 2 

P = y m n v 


N 


V < j^jLa^jil aoc. N oljfjaJJ jja n «i 


. jo*JI Ixa jUJI 



PV = y mNv 2 


T.T 



(8-3) 


2 1 — •? 

PV = 4 x 4- M v 2 
3 2 

yMv 2 o^cr^'uj ^ 1 >* M = mNi 

4-liiaJJ CkjJ oLLJI *«L4 <_> < jUJI oUtjAH 

(8-3) dUjb ^na*u T jUJI 
PV = RT = J (i-Mv 2 ) 

jUJI cuU jji R ~fc ( 3 / 2 ) RT ^|il iij ^>(j^ II <£^kfl <JlL» : <ji 

• N . t JJfi. yJc. ^ i i«l i a ^j aJJ <£j^JI <ilia jlaaVj . ^l^aJI 

(£)Luj 4£jaJI <illa 

4. VT — A. Jl. T (8-4) 

2 2 N 

, -23 R 

t$l « <Aijj / «i>?k 10 x 1.38 ^jLa^j jja — -j^* = k ^Lk-k 

is I I.*®* *t$j®JI • ~2 ^ c£jU“* jjj-ill ,jk #t£jaJI 3 £ja. ULL <ji 

L ’i yli jJI I — kT Uj*l 2 <2lia kLsjl J£ till ji X , y i Z 4^HJI CiUUjV I £yt 

oUjJ yJc ^L-fllL £jjli Olia jj] yJc < <iUoJI ^j'im (£jLuu 

— kT LajaS <sLL <a»j j J£ 

j|>*U fjbaJJ (J'iJ t / a 

(Dulong et Petit law) 

^i£ uitljUirf dU^) < UUlil l+K ciU.jj JU1I jUJI ctU^*l 

<UjAi oUjj ££C <^LaIIj <iiLJI ^Uii.^Vl Ll . oUjU I iju <itu isj* 4j*\s 

. ojjj-^J I (£>2!l 4>a^ t,i t i i tkt < UJLiojVI ij^JI oU>jj > >1 iJWi i 

UjQ = 3 RTjl^l 2Xy RT l^L^SjUl^ t/ Lj^Jl r l > JIUU.j L> i;»illj 
^lj_aJI iSU* ( <Jjlll 5j Ij-^JI ) ^j-aJI f Ij-*J1 3^CjJI CuL£ 


Y.r 



: ) . SjljaJI <a>jJ <^ailL 

(8-5) 


C p =(^) p = 3R 

Oj lj^ fcijjj jjiJ 3R Ujii <ilLJ I ij* < .> «*> ^jL iilljJ 

^jLuu^j jljJU ^ * a J <^111 *jaI < dl .!« ^4 1 <j j jJ I i jlj^JI ,j-* »ja(j 

. LfjSj 6 tfl 3R 

Sjlj^JI oLsk jJ Jlc J ni. * ~k hi Lil I Ijj^j • ^ tiUL klDj 

jILil l j 8 n-JI <_=kjJ ^y> lL_>lil LtJ£ jI^aU <Ljj]l ijlj^JI jjl J-a^j jj < <-*_iujll 



(T-a) jSi 


ool>J I u* Ij^ *■ * » * Lfj ^1 ja jL-J SjLJJ <j^ill SjIjaII j,! j£jJL jxa^j 

j-a <jjjJ I ijljjl |^«uLu jjniil L)itl Sjlj^tJJ <L>jJojJI ^IrkUMi |4j 

•lie j »^H I..V ill J»j(j Jlj JJU • (j I Irk 1 1 j I mil ujJ <LajJ 

jljJjk^U cJjjj-jJI i . t_k In Sj£i )J^jI <^iji ^Luj < jjAtj-oJI ^lj_^ll UUL pi m fh 
j* <ju i'ih ul 1 kij£ itij ■> i Phonons < <j&} ^Afl 

< <Jj j] I ijlj-^JIj I <iUa idjj *j_k«» ^jk ^LuJ I.nufy) . < ft/.Kt 1 1 <J^ijJI 



ij«* L^jlpjlj Sjlj^JI io (j j* LjJoj (ji -v ll I <12L»jj 

■ 3 ILJLI jitrtll <a.jj jk 


: 0-A) Jli* 

5 J»(>*<jjjjSJyL5jJUU^27 Jit jjJli* jl* *(£jaJ ^>*11 <iUa da^jl 

: J Jl 

3 

k t = «^j=JI j*. <ill» 


= yX 1.38 x 10' 23 x 300 = 6.2 x 10' 21 joule 


1.6 x 10' 19 joule = 1 e.V 


& 


‘ {J* f 27 <ij*JI <^jJ die I <illo .’. 

6.2 x 10' 21 


1.6 x 10 19 


= 0.0387 eV 


: Cil&juil] £jjjdU — * j A 

( Maxwell's law for the distribution of velocities ) 

o11j>*. »% (ji idlj JuSi jl jt1.n l <JUw ^ l* IjU, ,ji : Jj 3 I j] 

IjJ jS^j . LkjJI lit jxal <ku|^l* <tju< jliil Sjlj^ <»jJ die J-a^jJ . iiailj jLiJI 


1^jLc.j_u< oLu>aJI *^11^ <j I llj-^jl L* <Ja^] oLL»>aJI o j j 1 > I 

jj i'l’u . * I <xjmJI ji Ifjlejxu v_jj 1 t 1 oCujaJI Cuicl jjSlJj < Cujm ^gjak|j 

4jJ£JI <oiakljll oLLJI LaII j Jlal jSkJj < ^ jL^aIU ^ iVi *(£jy 1 1 <jll dll <cj^JI <«>» Lulj 
<XbajJL O Ljj j ^ 11 £*'\ j jJ I (jl (jjju Idt . SjljjaJI <_^jj Jji T*i LlUa <Ij(j jLiJJ 

^jJ| CiCujaJI JJt d)lt 1 1 — A) nil 1 yi *il I . j-» jl I ^4 jjajuV l^jlfijuJ 

. ijlja. <^jJ (^1 die. (v + dv ) & v (ju Lfjlej** £jljl» 


Y . 0 




< il>* U ^Ijj <j| < L^li a Lu^JLj ^‘^11,1 Jaa^j 

, j&\ o It^i J I 

^^aJI aIj^II «f jj*> >*i < aUjiiill i..<L* (jjjLi oUl^ 

aIIjj <JLak jji jVl ^JobkM 'jlc Uj^ac £Jj jjj ij~^jJI 3 a Ini a L L« 

. T # K 3a.jjJI J*c (fjl 


• <>.^jVl JJJ*G OaJ! jjJ * I^JI CtCu*^9k jjjS 



p 



UiAj ( o — A) JSuLII ji Li #(^JI {j * UuL j i*>f I 

i+J*. LjljJI Cx& (x + dx)<xalt tjUln^ 
■La *JJI jAilil < cui^lll ^ (P - dP ) < P 

o"jV I ^L.. . jt juljl £»* 

• Po 


jJI < A^-.t JI tJA jj-i * oLI/^a (jjj 

^x^U^l^al^lUUS^p^g dxp 

• t>»jV I g U «M 


: <jl ^] . <iJJI ^la, luuiJI ^ jjill £a ojl^^ I j>* ULHi 


p g dx = (P-dP)-P 

p g dx = - dP (8.6) 


Y."\ 



■ oljlaJI (jfr jli (jfll 


P = nkT 
dP = kTdn 


p = nm 


PV = NkT 


ll 

J4C jA n = — £ua> 

(8-7) 

'• jUJI jjjii >^aJI <l2k ji ro Ctil^ Ijl 

( 8 - 8 ) 

: cr lcJ«AaJ (8-6) <1 uLaXI <ji 
- kT dn = nmgdx 
*> _ . 23 . 


jjJfc 11 JJaIIj 11 q jjAjVl gLm Me olli^aJI JJC (j[U ^Je J«rt\’i 

X tfl 


/ ni g x N 
n = n o ex P(--^r-) 


(8-9) 


J^Imi jkt JiUll tfJJaJI <IjLu juii < jJk • JJk <jf la 

•iM—e £ — • L»j>— l» v- ^ ll n alj— ft I JaJLJi jjLi Uj . ^LLij^U <juu«JL ( 4-22 ) 

: ijic (8-9) jlu dUJJ t ( 8-7 Sja^j u* oLjjj^JI 

P = P 0 «p ( - ) (8-10) 

^UijVI jjfi ji<u • «(^JI ijk Jlj tUu jy m * 

(jjLwUjj < ^Ja-kul j^V(j ^fixl (jLuul jja 1 • ol^jaJI £yt ^jljLu X 

. >t >jjll jjljiiV I <IL> iji jLj J£ J4c 

<j1 Vq ^ojIjIjVI *lj X = 0 dua jijVl ^lam Me 

v 2 

. liij X = ~2^ u^l 

<ilL» Ijli Lalaj c4j^j ji <LiUa Jj j£j g^liujl ^ I JJ Jmj LtJUC. 


Y . V 



Jjl I J- 4 j . <a-k-ijV I <LkjjLaJ I j-jjLj c*au I ldJ_Aj Ui mj < PD g X 

< I ( 2 h« X ^ Uujl ^^Je <ull>fll <Lkll > u c. U*> i n't ^oll Sdr I «rtll oLL>aJI 

i *JL1J yj 2gX (jjltad* j^AjVl ^Inm .tic. OjIdliV I ^iJ ^J I olljjjdl U ijA 

c*lL£ I » | ■> < <i J>JI *jj k j i (ji iuLfJI jLauil ^jk ciULtj^J I • r*l «j 

. *L*ijYl <-lj jLd I jjilj CifhJ Iflj «la& < ^duIjiLVI 
Ifi I CiLujaII dde (jj£i f { V ) ijJk Cilxj i nil ^£dde)l JUjJjJI <Jld (jl 

: t jJk I qJojlu die v o + dv o & V o ij£j £ju ole jam 

n 0 .f(v 0 ).dv 0 

jijV I qU <<> £y» olV Ij fjLc. I I d x 4 > tUJ I LllAJ I ji I ol^j^ll dde 

: ;r* 

n i = I v o"o f ( v o) dv o (8-11) 

■W2gx 


< did ,> Ji] ol-Cj-i-u L4J (^all olltjeJI Jjl ^ie Jdf V 2 gx ^ISall^jjVl JkaJI 
. OeL,eJI ollujjdl jtu u* l^jl um }li X die <iilrJI ^Ifljjl J lelV 

: jd di*«l Jl ^^iel <LuIa1I ^ If] Id <idall jiju I oleijeJI dde 

n 2 - | v ii . f ( v ) . d v (8.12) 

j»JI jljjYI die delj (jjjLlll (ji olLjaJI dde <j£l> 
n, = n 2 

) r 00 1 00 

n o v o f ( v o ) dv 0 = 11 v f ( v ) d v (8-13) 

V2gx '0 

(8-9) <J d L*_L I n ^>-» Vdj i^agyuiljj 

, m g x X 
n = n 0 exp-(-^_) 


T.A 





'v^ 


v o f (v 0 )dv = exp( 


W’lo vf ( v > dv 


(8-14) 

: d>yU2 y* fj£l 


2 2 . 

Vq = V‘ + 2 g X 

v () dv 0 = V dv 

(J Jc V Q ( 8 - 14 ) tj* £ 

[ f ( Vv 2 + 2 g x ) v d v = exp ( - ) f f ( v ) v d v (8-15) 

J() K I Jo 

: ( jlc. Cil^u 


f ( v 2 +2gx) 2 = exp ( - ) f ( V ) 


(8-16) 


f ( v ) <]IJI Ijl VI (3i>TiV functional equation 


f ( v ) = A exp ( 


mv 


) 


2kT 

f ( v ) = A exp ( - E / kT ) 


(8-17) 

(8-18) 


1 ^ _ 

— m v <2Ua E 

<JIJI *1a I UL <Jljj f ( v ) <]ljll 

• ( i — A ) J^lul I jl Lft£ I 4 > till J^.ii CiUu^yaJI 


: Maxwell - *1 / A 

jLLj ^1,1^1 Iiili < oLt j*JI Jj^uXLa ^jy Li <-k tst yk III ( jIt ^jSLat 

4> • *>““11 S>i* ^ lPJ 

tjk- tfl* C^jb*-* C&A* B & A drvfjib u£**ji* 



o* 


(jAjJU I (jJt S^lL. M JjV I (j-lc. J£ JjUE 

. ^ — A ) JixUI _^Jijl . ( f _>«->.. I > ia^i Lhfj jaj ) ^(aJI 



< j£>ll j j> u l F <jji£ 4^1* oJuV IjJuaa A ^jill f Ll ^«A‘ i 
Jj^L jt 1 1 i«Li u oLt ju« Lfl j*nS 1 1 <ajCJI SjIjjJI jjill jjUjll oljj 

I 

Ci j-* jjlJI (jjpjN Ci I jj J ml i I LytjSi jl jjj CO jjjaJtl Sjljj 

Jl J— MJ. JJ A <*!!,> 

.CO I ccjmI I dlj tUu cijVjj P JliilmV I jl|& 

fjj&u i d <til ml I ^Ul J jlaj *J^I ^jll t jjl jajIj 

v = d/t 

¥ <^jlj LfbUk jlj ji (^ajill t'n SLl li* »Lj|j 

d 

VI/ = cot = CO— £iia. 

V 

CiUil £ja jty l I ^ i Ul i n~i jjil I JbAjI ji V = CO CiU jjm Lfl jjil I Ci I jJI jl (^1 

¥ 

. Jlfb nt I H.UuiIjj 1^ limm? Jlji »jj t B ^jlll 
jjyJLl Ciftl IrTi ml ^lll Ciljiil 2 (X ^jiljJI j4.tillL Chilli ^Luul (jl£ U| 

££j ^il Cilfijm ££a^ | )AII 



V 1 = 


cod 


& 


cod 


v-> = 


V + a vj/ - a 

• V 2 Sc V j CrU ^il^l fjjJI CiLt j*loJI < ■ . L i n (jl LI (j^-»J 

T <li< * Sjl^^a, I4J jjill *}' »i‘JL idl^j 

LS • o Lc j., 11I I JJi jLl #>*. <— Ijj fij uUhJ.1 uU^ ^ t _>- uu 

. B & A (jrCbojill ji <Lliitl oUJLiJI jja S jLjj jl^J I ?j ■ ..I ■ ■■•»■ »jLj »_■ 


<a>— £-* ei > - mJL I (b ^]c > > \^*i l I jLLj <j»li£ j>»‘i LtiLf jJqj 

•L^j J-ij *( v — \ J i^ull^ CiLfijduJI ^^Idk'u { jle. Irt -kl I (j£*| 1 oljjlf 

LjJoj I II % 1 I £jlHll ^ ft l. .Jl L <Ij d I < _>L »)l glljhlJI £jVj Lieu 



<ju 1 1 » 1~»_* ^^iJI ULJLI J(nnjlL» <ju o^j^J jaJI jLuJLI Jji» «_£yu 

£g_j v <Lcj_t*u ‘‘lj -*-"j <j|j <J *{£j^ll jiai ^1 (_^Aj-Lj * " j * ■ jLmVj . ijdll £Mjl m*i 

*iSj ^ I I jjk ^jl ■ 4 \ "n . (A — A />< *> > u <JLa tjk l+i| (jaji'mi jyjJ I jUJI olLjj-a. 
1 # 

JtO 1 1 n lni 4 <La 1 1*^4 <il^laijul J^lj Uj£I > 4 jill oLja^aJI 

(^jJI olLijjJ I . V t <iLu&* *{£jaJI t (j*j (ji . »Jj rti ll t jL.<> • 

2 , 

• ^ul 1 nTi 7 t (7 V t fcljku/VI ^ 


r\\ 



■v.t 


H 

( A -A) 

jLJLI Jjio Jo^jjLa jlxll ^ % ~kl I Sj^j oluj^JI jjc n cul£ I j(j 

J-A X _>aJI 

t jj^j Xfcjlntl I A iKII iiluJtl 


X = 


.-. X = 


.-. X = 


oUjLualll JJC 
V t 


n cT n v t 
1 


(8-19) 


71 a n 


Jlj ^yuA i <jU < L£ <j£L« Cuujj <£ j-ala jlxll oUjj^ £}*y uj 

X u V2 jlj J Laj jjS£| oL«jl irt**>H j>a IjJX U« J 

I 

X = 


V2 jc'ct 2 n 

Sjua^j jjj olljjjJI Jd£. £_a (j\ <I_IjL!LS LiJjJa I t m IxLa jLxll Ui-iA jjUJ UJ 
• jlxll ,lnjl * <a ^a 1 u*Xf i_i-^uLuj ^aJI jl» «at I JjJa In i i(j-La jjli <JI<jJ < 


: ( Transport Phenomena ) CiljUJl Jl&uVl jJk\j3a— A / A 

(j-a j -a ^ i j] a Jl_^.Ij itj alLj (jl jjl <JLa. (jj jLjJI jjSLtV I ..a J tc. 

. JliliVI jJlIjJaj <ij^a!l <uVI jJlIjJall 
ml <5k_>^. jj&u jljiluil <ILw ji £jlll jl jlxll (■ Ij^l ^ ja.T> <Xjaai jjjilV laJut — N 
< Jl 5 “lit I LuiLul >t.a."l »~i (jjJ I <-a, #*>11 1 SjJklla t iiiVt (jjk > 4a I i \ U (jU 



> 1 * »- **nU .11 Ltl | I ■-■IS.LII I 

dlift <jjSL} jui ^ *J-a.lj ajUI jl jLail 5jl>^ <-»jJ OJ^SuV - Y 

4jJj I <j£L*Vl i ji <_JL»il <Jliall of j oLuj-aJI J * 

(jii* jjj# oLiaJI Jliul Jj I Ifxi oLLj^JI <SUo I < 6 JjLxtl ^LaVI 

' jLioiVI Sj^Uo ^kl ^jJ] 

jUJI J^lj l Ai.ttf ~ I (jSLaVl iji Lftfl-k a oLuJ^ll jj&JZ jjli I jj — X 

jJolill jjJj <JbJI <il^jl Cil j qSLaVI qLIj^JI Jft>>*> oLuj-aJJ Jj_a 

. j LiH VI AjjiUa dJjJ •*’* jj ‘ iiliS JiVl 


5^Jaj ^IaVumU (Jjljliil ‘b.jjl — \ I h 

: (Viscosity of gases ) 

<jj l^j-6 ^jli.1 oLuj^ dj^Ti < xy ^jJLi l ^Jaxu djAn LuLa jl IjLt jxlcl 
v |ikiJ I £yjk z ^Liujl ^lc < \iji a <jLxL ^ijj <_c cuL^ I jj t ( \ — A J^«» 'j <J 

Jil ole. j-wJI (jji^-l I A *>*> OLxlaJI 6 JA ^ V -fl V j t I uL_)xj CiI j £-klll ol-Xjj-^ 



<j— kia ^J| Z <JLxlo ^a JjL*-*JI Jj*! J Cxilj. i i aJI <ZSLj^». (■ Li!i ) Jj— u I I j| 


, <xx£ (J-L-l Jji] Ji*ui Jja djSk*U I < 4&j£k 4 xa ?v Uftj lf~fk > 

Jjxul Jim I N | oln>II JJ£- (jjij 4 £jLaU <L JjaC Ay^J ^Ja) I jittj 

ieuU^XA jjJk X OjI£ I j^J 4 J ft 4u| (j»A Jjl L tfjll 4 N 2 •U-fcii <jj L 14.41 ^jle. I ^JJ 



yA Oi^iaII <t£juJI jj «‘l JiAA Z A A.LII ^aJI jl.ml) JjJa 

d v 

yi X. <Lil i u • 1,4 | Iia >j id* Cj^i < j m^jJI <_cj_uJ f U> nj l a J^kll jjLi — — 

C 1 z 

a in ^ i h *Z ^ t f jie. Ji Til ( juil <L£j_>JI 4 i 4 ^ 4 ^ 4 % . X ( d v / dz ) 
jjx. Ju^i! ^juaaJI 4 iji jUJI £yk oU^jaJ I jxc. n culSk I jlj 4 m X ( dv / dz ) 

<lc.j_<-JI ijjk v lua — n v { jA SjaI^II <uLSII ^ o(,>L.dl i-x^j ^aju qUu^aII 

. SjIjaJI j)A <4ijjll tji jk ^jIII ^Lu^ill 

: { jJk «La» l.i u 1 . 1 4 Culoll JSTi'u jjJiJ I <£jaJI 

y mn v X(dv/dz) 
dv 

TJ ■ — ^jlml ^lluull jl*J I olttln ijIl. Mj i nl 44 tji 

U4i 

jjlll jl jUJI J^Ijla T) tlij> 

.*. r\ ( dv / dz ) = y m n v X ( dv / dz ) 

= J P v X (8-20) 

in n jUJI <*tj£ p 

uic. jUJI jjlJ dial « p jUJI <ili£ £a X c«i(£ U,j 

. 4.1aIjJI 5jI_^aJI <U>jJ JjC. 4 ln« 14 

: (Y-A) Jli. 

<A »jj lll J^La-a ,jf fJc IjJ 4 (jjdjjdl die q>VAj^JjbU _>jJI jLuJLI J>U n l ri i Xa^jl 

/ fA, 0.00009 CjdaAll ji cgAjjjbVl 0.00008 j* «i* p* olxa^ 

Y 10 x 2.705 d I U15SL1I jji ^JLt I jl VI jiai 

T| = J p X V : JaJI 

YU 



PV = 
p = 

p = 
p = 


1 . . -I 

— m N v ‘ 

1 mN 

3 V V 

m N 


V 

1 


p v ‘ 


( 8 - 21 ) 

(8-20) » (8-21) 


3t| 


X = 


p_ 

3P 


= n 


pp 


0.0008 Y 76 x 13.6 X 980 x 0.00009 
X 1.45 x 10 5 cm 

y I I 


X jUil Jjio iauu^xa 

76 x 1 3.6 x 980 _ 125x , () .o /s 

1 


— <uC«)l jjj oUjLaJI juc 


0.00008 


a = 


V2 7t n a 
1 


— _ jLuJLI (JjJa Iftin jl* 


1.414 x 3.14 x 2.705 x 10 19 x 1.45 x 10' 5 
o = 2.3 x 10' 8 cm. 


: (Properties of real gases ) AJLiaJI CitjUJt ^ / A 

i i jl u.-JI oljUJI (jit l*Lj £iLju)1 t jJ LiJL I jlill £julji jjl ( jie. qIjji Lm.1 I Jjj 

J-ilj « SjljxJI JbAaaJI « — ^Jc. qul^ill tlk (jx, i-Mjxjj 

. Sjl jxJI <xj J qjoj jic. <lr>« i A j-* L n6>r i.imiLUj jlc t j-A <iL*^ ^ v ~k jjU 


YNo 



PV = constant^! 


Cil jLc. < cJlill CjljLiiLi LaLu ^ ■ A.ik~i ^III oljLill o« a m XJj 

>La JliV ( jg’aiuiVl Jj-a Aj tjt •all CiljUJI Lai . 4 »_i I LI I Jj-i L^J <xiJ»l ja-il 

PV * tJu^kL^ <-Aji (j I L JLa^j JAt <ic Laj Jj t (JI^LaJ Lalal ^<a>1 

Jl) I (ii ij < oljLaJI jjAjul i <UjjJI ajlj-ai Ji f U* < Al I jLjjL LajjJj 


r ^ 

tl jl^iaLi JJj .1 a i i | >4 jljjj CiL^-i ^1 Jki i Li inll ajLja Yjl 



tji Ajj . ( _ r lfiVl CiLa. jjJI Xac <LIxJI jl jjj L auj Li »All SjLj PV 4 v ail I <j£t 
Jjli jl Lai jyLLaJI jlill LaJoc Ukj^eua ,jlll Laj Jl l+jL T ^ Sjl>* <3ajJ Llj^aj 


. Ulia IjU, 


jLaJI CiLuj^a {j<j i^jLakj tji Lj.j If I L/aJ I CiljLaJi j ~h j j ■ ■■ * "■(j 


~a Ij-i * i o jLiJI Li.iA Lajlcl j ~ija 4 1 jf L“ i ~kl I 
•LjjLwaJI Oaj £^alj jil <i ijj&Ji LlIa 4 I a ^ ftj S al I jLiJI oUujjaJ jjl Lai . 1 i i » m 




< jUJI ^Jl ^a^aJI ^1\ <t4M,illi Lla(J % a oLuj-aJI ^a-a 1 a.lif OlJjjJLI 

I J-4j < £/daLaJI <jjXA JlaJkl ^.Xc ^LJ I oljLill <JLaJf <JjL«-a <jLi JU£. uaj J] j (jJLj 



. UuL <JjUII ijj jlLijj (jli <isiLa jjt 


I dljlill jilijj Q\h IhUu- a/ a 

: (Van der Waal's equation ) 

< jUJ <JLJI <J jUua jjJqju ^^jjl oVjLkll {ja 6 juu lj jJlijj jli < 1 jUa jjla't 

: ‘ *kJ I Cj I j LaJ I *>i < i l ■ I Ja IjjJ I -> i«i~i j UlcV I jjj I £a 

.jUJI <i« i tij ^jll £ IjaJI <u »i\l L oCu jsJ I •> j ollijaJI il.ru <u^JI 43^J 

Ijj^j ■ <1 <_£jLaJI aLiVI jljJ^J oUaj-aJI J jjJ] ^3kjj jUJI Int i n ,jl *-4 <>-*11 jjA 
^Sji-fcll jUJI <]U . <uCdl ^jjk (j I jd^JL* oLluj^J I iaj cJja jj-c. (J jc. 

fLiVI jjljj^ j>A <±jj 2)I oLjuj^JI (jl Jaj jiljJj , i~iLj-ij-^J I (ju (ggk 

jUJI Jnt, i A (jl (g l (jlj.> rj>il li| * »J vJjL ^jJLolLij < < j j iJa] I a jjk <■»-" £-ij 

. <ajjjaJI (£j£ll dil Jajj jl Laji 4 a1c jjj £j <jl huau Lac 
jIxaJLI I Jjk Li^Xl t J-J>1 i tit I jUJI Irk* i rt t j}\ JajLcAji j|A jl 1 1 » 4 _iUa| UJjl ^tjL 
oLjjj_aJI JXC £Jja £A <.L ml >Ti <-i-Jjj^J I ^f^jJI CijL£ Uj . jUJJ ^ji^ljll JiU.ijJL 
V jUJI -k 1 \ i i.ii »i iu Jt all I jjk j(j < jUJI jjt ^ "all i.t . yj 
clljjj < jUJI * ^ £A I i ikUIa jUJJ (J I^ljll IrU.rJJI clljl < (j-Jjj^JI 

jIjiLL ^Jlill jUJI JUk jjj LU^II <aj 2 J.tjliAJ 

(P + “V) 

V‘ 

. (jJLjlaJI jUJI <JU ^ <a!ujcJI ^>ill di^J 

» ^_il ^Jl f ji jjk JJkLJuIl jk-k-klli . olljjaJI jk-k-kit (j-alijl jjjLUl gj*kirt*tll La I 
uaj O Ujj^J I " ^jJI jjjtljiJI ^ooJI jLcaVj . ol^jj^JI <a* dj*kT> jAiJI 

(V-b) *»l I JXuCUl jUJI CillljA. ^A WAUililu (jUtA jl JXa 

: jjJ oljUil <JLJI <J jUlL <Atl|oJI SjjaaII »‘U. ijj 



a 


(P + -V)(V-b) = RT 

V- 


(8-22) 

. jllijj ^jli <1 jLmu *Jla • cuIjj b , a 
^ T t -fcl l ji LJac. b , a cuIjjJI l£±*j4j 

l jlc. J ' ^ ULu <i>bJ I i T <AijJ £-0 P jlaJI Li>« < A jJu fjuj Jyj i CuljJI 

, S <~LA_iS <ix* *la^j f _»*">“*• -laAi 

jllijj (jli <ljlxa 

a RT 


P + 

.*. P = 


V 2 V - b 
RT _a_ 
V - b v 2 

dP = s = _R_ 
dT V-b 


: ji <Ll* > ii*i i ii* JaA <1 jlx* ft JJ^j 


b = ( V- 



: ^JjIaLI |j-» b cuioil <*4ft ja^j S JjII <*j 2 Ojjl* 


(8-23) 


J-usaj jJlijj jjli <1 jIaa yji 

a = V 2 (ST-P) (8 . 24 ) 

£_* Jn« iAll ^uu (P , V , T ) <Lul jJLVI jUJI <JU. <i jjl* 

. UAjI aculall U da^ji (S) 


^I^Iadl jttU Ol£h^-U/A 

: (The Critical point ) 

: (jJk ^ 4oJloJI <AjJI |j-* jjJc J m -> "> jJlijJ jjU <JjU. till Jo£. 

PV 3 - (bP + RT) V 2 +a V-ab = o ( 8 - 25 ) 

Jaii (jji (jl jl l| « u\ (jji ^jl L*| < jjja* <1 jLaII ft jfJ 


YNA 



i <»l~i -h • * L>^ L>« iAll £jjj <&LII ll^i a j IjL . Q* »l» 

JCJ (£j k < rf» Ll^} jjilaij 4>a^j iLiljj , ( \ \ — A ) J*Lt .lL <LullC Cil t >^W { jlc. 
T £ <L^1 I <Atjj)L Vljn * j(_)A *LjJ J5l i j Ijat <Lj J die Jjjull JLj *--» « 

^ ^ J_a^j <jf ^1 . T c (j* ^jitV I oLatjjll ^LiLiill L*Lj “ *■“ 1 «*j» < 

« Pj JL> |^>X 4 ki i .t A l dl^ < (8-25) <1jLl 41J jj. t t > <4^L JLi V j , Vj , Vj 
■ik Ll . Liijll ciLjJI J*i •Ti ^jll oLk'i >11 in".] L Li ■ A JCJ i»lj ja^i Liu 

j^JI I <IjL* <j i ji ~h l|K Cxi^4j <LLJLI jjx» 1 nil* ^j^JI ^ir* >1 1 


(V-V c ) 3 = 0 

V 3 - 3 V c V 2 + 3 V 2 V - V 3 = o 

4j.i >11 oaL>L*_4 i IjL, o.*jj (8-25) jlLijj (jLi <1 jUl»j <JjLI 1 »jj > 

: J— U aaJ 

3P C v c = bP c + RT c 

3P C V 2 = a 
P C V 3 = ab 

. jLU ^j^ll LitAlIj La P^ » '“‘l** 1 

PcVc^c <Liill ciLjL| ( jlc. Jtaai <2iLJI oVjLLI 


: <j1 & I 
(8-26) 


V c = 3 b 

P c = (a/27 b 2 ) (8-27) 

T c = ( 8a / 27 bR ) 

i i <2 jLmJI o Vj Li I (|v> ^'i u CJ I ^jjUl JL jLJ <L,j^)l <LjjJI ul nnij j 

. ^ 32<j~* kLf. Lilli <LS1I Liu ^ 31*1 (jjLuj Ifil 

. LltLJI Cl I j til I ^jlc. 1 1 ‘j* 1** jllijj jli <ljlu < L i d* lillj Jjjj 



aOUlt *1L»U 


: (Andrew's experiment ) 

J.U.MJ <t_i *jt *j l_>a» IajJ tJjA. 1£jaJI <5Uo JB jlc (_g\ Jjjju ±lc. 

<ajJ O-i L a I j| A jL JJL -A QtJ oljL*JI jj-A <JLwij J)£LaI dJ^j • jlxll 1 lillf 

HLJ » »Vj . ^"* jiL jUli la. _>aJ I v . I j 1 1 <11 Odijj <a.j^JI 

. <i l^^aJ I la.jj)l ^ifi.1 <4j l^j J OjI£ U.Uo 4aic ini i Al I jljjl l<*| a jlill 

j ii Ulj^l t-jjL-JI J^a ^ iiiitifcii jjc < I & Jut j jij Ol .dij 

< | N \ — A ) ■“ o L* **■ » “ ‘ j i it o L > > a le^A^A Jia*>j t I ^ l L 

LaJ^c. IiAt , tj 1 1 A I jjjlAi UiLJIj <jjUJI £rU (jljjl JaafcV 

<j f u P c ^j-aJI J ai . < All '-j> t >Mj • T c <La.j-aJI 4 -a.jJI ,>» JJl AjfjaJI <La.jJ 
v c ^jaJI 1 >— ijt LaI jlc. ULuiV I^jaJI CakjjJf die <aI j ■L’Iiii I ^jJL ^jll Li ■ All 

£^aJI Li i All Ci*>*\j la.^aJ I la.jdll J^c. jlill J^a ^.Ij^ <JaJuj ££.111 ^a-aJI <iU 



Vi v 2 v 3 


XT. 


V 


(j-» JaI 4 La jLx <ILuiV <j| <iUj jjj jj| — ~‘*~ - ■■ 1 

LajjIj . JlLJI !jl\ j^iaJI jj* Okijjll le^« »All i oj yia < <1 I 

: ^4^ -> » ~i i i t I SjI_>aJI CiUkjJ j_|i[ Jj-'-ojll j >Lil <j-e»j£- (j-L 

: (Methods of cooling ) (Jjiall — >t/A 

ja^i Ajxwlj^ ^ 

AjIjA <AjJ tillj t*fc i/lJJ jaIJ Jjjida jjl^A La Jilui ijjj I jj 

<]oujuI^j ullj jj i ii i*i . jLjVlj iJJUll (Jifcl j aLjII jjjjj die. JLaJI jjk . JjLuJI 

CjLj^uj djatl JjLuII oLu_jAi JyAyj U il I AdA • oljlxU Lljlai 

Li^_^lcI Lid . JiLuJI ijIja Ckjj cj L ujjjJi * t» . .t 1 4 f j . ..1 1 , oIa&a 

CLuj^ll I ijlc. v_tl> Jl Oij^luJ I olujdJI |» jlru i n i Ui ii (j«a Cujlll ^LuuJI CiLuj^ 

j'jJljJIj 1 AnttCjj . jL^olL j a ihjLa ^ j < Sm % tJjJu olljJj 4 JSLJI j>m -yt 1 f L ij* I 
JL 4 Sj j XI I <iUt cJj OupJI OLu}^ juLa JjLJI j a*> ■ »jj <«J a.« 1) tills 
(JjL-ull Aj I_)-sa tllld(j jaJ I (JaA <Jfc CuL£ Lac. (■ {gj -± 11 I <i Uo 

.^ill 

^>»lTfc Si ii! ' ** '_‘ - 1 - 4 ^ A -lXt^I 1 jJJt>*JI A jl*f LjJaiJI A J 4 J Ca^aII <Ao1aII CiVLaAiIimV I 

(ju» La (j&A ^jic. JSLuJI IdA ^ La^icj I Jj * jl I JljjjJS jl _>jjV I JIa jjllnlt A (JSLai 
CuuLJI A 4 t > -tl I • ^iqAl ^ 1 44k T»l I (j»« j> I Jl Aj IjA lia U« Ml I 

~ t~ ‘ ■• ^Jc. (j-A *■ J y die. (jj dJ I J-AJU tilljit . ( 4 A lAj-A 6 dA 1^1 1 I J*> f I J^d^Jil dlj 

l-I J -V — SjLaJI A Ij-aV I (ji <-AjJ jVjioIL) * J yj^ U^- I f “ * > 

‘ jISjlII Jl.^jIII <Aj_yleu Ml^Ub AJjljli <jjl_^aJ I LaLLJ I i ya (j <*»!%"> 1 1 ^m%ll ^jSLeuV 

<AJ J £y* ‘ 1 J " *\j 4 I Ajl_)Jk <-AjJ ^Aiji 1 A Tlf jfctiiAJ I (3-» JUjJtll I JjJt-A dll^J 

. I ^uiA Ajl>A 

liu.-A JqjLa <LaLaJ I A 1^-a.V I jjj VUuA jj jSLi J % Jl <Jqj-uIjj d>jAAll (jl laifc^L^J 



« Ijji i^> JoaJU I jji <*i jt J1 j£LVf jjj Li < jll Jo«_« 

. JjJkUall *jfj i ^jTi ijljaJI <a>jj fjk jj j-uu liiOa-i 

: Sj jf«!) Ja^ULd) J^oJI — Y 

£j Ij^. Ca»jJ jjj Jala. £*• fLJLil J)d» <u^ cJr»l^ Ijl 

jn'itj *UI (jj Joe. gtill jjL i^UaJI *OJfc jni*u . jlirtll <L.jJ /je. I 

«J jl <L. jJ < ^J^aJll jJLJI (j-» ~ tfl ~ JafAll Lu^II ,jjk (jLjjll Jjlj^ 

: ciijuii jx^Ui ^\ji j^ui) - r 

A , B jLuljia_i-ul J^Vti > y i_> iL-> jliJ j^J I J .1 « ll 1 ( jic <uVI <jj -^"J I J^Ai 
»L<J • ji <jl)Liiiiil | \t - A Jlw ) ^Li^i jj*» 

yi jLill <irfcu»l>i : j-L-tS *LiJj (_>-Li_i (j£*j 

1 * j i f • (jd» LtUi Lji* B <jljJa44<Vi (jjSu 1 «»j UA iJ» ■*■■'-* A ^IjLmVI 
< Ija ijx«j JiLai.Ij B UljkwVI bLJ A £‘»|jU. ..VI jLjJI ^LmJI ^1L 
jjiJI A <jljJaduwVI ^jk jLill <JiloJI UlLJI >_jl t u -fc L<u *»Lu1 jLill J,Lj 

. Ifijljak <a>jj dial *" 






jUJI ,> W Ji^JI (jjSj v 2 f^JI Jl V, Ijl 


W = I -5-dV = -(4--4-) 


fv, v- 

w = (— 2_) 

> 1 / \ / / 


W = PdV 

' v , 

P = a/V 2 

u£f 

( 8 - 28 ) 


V V 

V 2 V I 


V, v 2 

. OjIja <a>jJ jlaJl <i LLi I J a, i»|l ii jolu 


: ( Joule - Kelvin effect ) £>iiS - J»* Jl\ t 

j| — 4 * j a uluaiVL <1 < Ljl JA. V^t jlx La tJ* I jj 

. jlaJI ijIjA <a>jj *-'■*■ < «±lldl La_u * <ji « ‘ - "■_■ jAk ^Jl — n> j %la 

SjJkliatl »ii .r»* <»i ~i^l iij . 4 it >m‘X a jjJj 4 i i mi jjTu S^aILII *<1a uk^j 

jIa L^j < L i l ya> <!♦*>. a a ^Ijkuil jdi (N V — A ) J^ujld jU*AJ 

^altt^a j ■%!•> 1 «|‘m < <jl^L<uVI jj l ^ j -- * * A & R^jl 

i < jd»l mil j^laJI «Uj JjaL ^1 A jujlQI ^IJkj ladle . l|>«<Viid» Llii ^jl^LaaiVI 
yi ajLjil jjjC di ->‘l vlll<^ < j n>laJI fLu-a J^La. <jljlr>mVL J^a^ll jLaJI olljj-a. jaj 
^LJI j a>LrJI U h h » JJU olajj^JI £-*-£ • B (wiiLaJI jjc A wjuLaJI ( yi L «l< A 1I 
jAlali uilall Idd jj jlaJJ <il^ljll OllaJI jj>a jalu )ULui Jjj > I < B ^hj^I I 

> P2 *dL>^ ^?O j 




I ^a Lj^la i_n ulllj SjI^aJI ^LeHtfl laa Ji a^j a-^j 

Pi " P2 £■* • ‘ j^UJI i^U. ^ jUJI c/ t *** ^ C£i 

.-. (P,-P 2 ) = K(T,-T 2 ) 

<211x1.1 Sjl^aJI <J*jJ .-i...Uli <1 I ( J I <ir a^J ■ jUJI j C uIj K >tux 

. >ljx| jk 

ljilS> - Jjj*. jil <jjSL» <U-Alj-a *J oLa.jJ ale <Jj-a~lJI * 1^] die <11 a^j 

£ V * :, J aij . Iju^xJ o^fb j^UJI o-» * 1 yv alt jUJI I * »■*■ ■ •■" ■*■>-».> <11 i LJLku 
. Inversion temperature <*.jj UL». u j Sjl o^j J>». alia ,> 

<J slia^j 1 fl'tji < ^LJ.1 j^UJI (J 1 6jlj-» ] ale. jUJ I 5j Ij^, <Uja ^ jail La ale iia^j V 
la] < <^jall a aji jj* ^Jel ale j^LsJI j > J < Ua m .Ltd la] £/ *> **»> 

. Ifl* iji i <A.ja ale <jj^ll I ojue l 

0-* A I. n l -> .11 (ji jLe jki 1 T ; kj^LUVI <-a.ja s-i L jm -fc (j 

t ya»jLUI i J> >gll (jj Su u^Lall j^lall l |^(a jUII jlj^l ale . V ( Caa^jPj <1 (j1xmiVI 

W, = P, V| ^ jUJI > JjaJJ 
W, ~ P-, V, 6jai }Uui 6 u ..,<ll ^jle jUJI Jajj Ulu 
jj«a 6jlj_a] jjuj JjJi jUJI <iKlaJI <2lLll jl I oljUJ! <JLa* La I 

. »-uljlJI (jic U j & U 2 (j-* ^LJJ j^UJI 
: jjSL <iLUI »Uj u>iU JajLIjj Ljjlj^ <bj*-* U j«-xt I jLleLj 
Ui+P, V 1 = U 2 +P 2 V 2 

jUII<Ja^ tf all P 2 V 2 Ji-UljH jiSi P, V, jUJI Je J>UI Ji-iJI UU 
<JiUaJI JaLjJ IjJal •L i»l aUU LaiII U j {j* j^£i U 0 < B jj-^t I ^Je 

. <JUlll ae» jUU <xll.laJI 

>‘IJa U j jj-* Jil U 2 j>^l W j <j“* W jL^ (jU (juSUJI £ia-^ la] i — a I 


TT l 


. jUJI 6jl>». <U.ja ^ K>i>. u 



ur V | ( 8-28 JJ-4-I1I jjx. jLiil <1 j_jL> ^jjl JjLJLtl 

:^*V 2 ^1 


( — — ) 

V V 
1 v 2 


• jLaII lujjaJI (£>aII sj-o L1a.Ij JjjjJ.1 Ji i til I id)j 


W = p 2 v 2 -p, V, + 


a 


V V 

v i v 2 


(8-29) 


a 


PV = RT - -J-- + bP + 

V y 2 

ab 


^jlLijJ tjLi <j£i 

ab 


;*i i& j yj • i /> b , a (jA jjj — — jo^Vl jjJI 


V ‘ 


RT 


: UJ&i V “ ^ cK“A>^k» * }*-*+* 


PV = RT 


aP 

RT 


+ bP 


= RT - P ( 


RT 


-b) 


W = ( 


2a 

RT 


: { jlc. J- rtV i ( 8 - 29 ) 

b ) ( P| ■ Pj ) (8-30) 


^-il < j-^.LaJI jl— «JI jaj Lf ^l p 2 p t jjl 

( ■ b ) jlaiil f jLtl ( jL. W Ji-uJI ijLtj dial L^lj ( P t * P 2 ) 

jLiil <aii>ljJI <lUali ijli-jj i j »- 4 W Sjl— Juj (jj& ^ > b oiL£ IjLi 

. JijM ilhlMt 

j jLiil ^ jJLIjJI oLLl I jljjj tdJ j^j LILu W SjLLj jj£j • • • < b oi(£ I jj Ll 

• * RJ * 



• tliAaai > i i n 


( j t SLj l i a.ilf. ^| < Tj w^Uu ’ I Ai& 5jlj_sJ I 'jA j ,x »J tl« A •v.jVj 

ol j| • (8-27) » ) jUiil Caj-aJI <-3kjJI o* J-J^l b^Jil Tj = 


<iLuiVI d ‘ m ‘ oljli-M <lLbu| JUa lj_a. ‘ "* > 


27 

4 


^jLuuj la | ill < uuil I 


<a»jAi CA^la <j| ^Ia&JLujL Vj I jlaJI Juja j i.iaj j i f ^^eMbc^WDJiVlS 

jlijl j * 1 1 n_i jjiK — _)ll <iau*l > 3 ^ illij AAJ £ < I ia^j J jj 4 JSl 

, S m it j - jqjii >A jliJ I <JLJ Uaiu <u ( jjJ I < T ^ <a»jAJI <^jAii 


jl jjLUl jit jg« iai «lu 






J^lj Aj-±li jLiJI 1 


. i <Jjlll Ciljjall (ji (jJJ^ — tj>^ <JLjJa t ml} 

• JjU JAaall tlljJu fU < "LuLj^Ji <1 irt> <Jaawljj (jjJjidl 

‘ ia*illl J>Lx jjajj <aj£ jUJI ai f>J < 


Jx*j UkAAju < «b(jl LI I 3 >j ill ijljjvll ^j-*- *~- **» JojaaJI 


JlH> 1 <11*^1 jl ‘ jLill t-ilL] j^Jc JjjjoJI <ijij £jaa*jll 5jl_>aJI 3 ajJ fJai* 

. Sjl^aJI jjuui Ouj 

* 


: ( Properties of Vapours ) S>i/Vl — \»/A 
j »i »j j^LJIj < <jjliJI <ilaJI ^jll <(^XuJI <il^ ja SjUl <aiac jJl Aaft-bAjJI 

, , i«r>"tll <jl >c jii^j f ^ «JLj£mJIj < ^jAuu Jjlj-uJI QjJaau Ait. tj«--«*llj , Ijl^j 

<aJaaJI Ol > 1 1) ^.Jl <llajl jjJj 4 1 1 1 ot I <ILkll (ja Sjailaa < ili^ill ijULI La Ijjj 

. ^LulIL 

^■Uiii (ja Cilijj^JI (ja jLu i ^ jii < JjLuj ^1 ^Liu Jjji jlA Jl i jit (jj£L 

yJJ ja-aJI IaA ja Ji l u oljjjall j* jai jlaa j^L la^ < Oji j-taJI V aji JjluJI 
(jl (jJj < jlajJI (ja ja^l J 1 LJI (ja ^jliJI olijj^JI jLl (JIbljj . JSLmJI Jilj 



CilLjaJI Ji£ 1 A A if ^jlll i ^jlj^Vi <JIa (jJI J- —■\j JjLJI jlljj jj^hJI 

jj^il IjA u* OLjjja tjc. ^-tiUlj JjL-JI j_ji Li .A ll {jjkJtfL ^jk 

i jlAJI *. ,ii^*i JjjJI tjj l • jAJI Jjjua t SL ^Ljll * ja iiill jlLJf 

IajJ jjft JS ti J > *mII jl ^ >11 Li i A vjy^j i ill <1LJI *, 1 a i_i 

< mil JjLJI £* ( 'j£laILj jjljjl <JL ^ JjLJI jLj <jL ^ *“■ - SjIja 

LfcLaSjL jljjui i 2 jlj^l <Lajj ijlc. ^i>iUI jlAJI Li <*> tii jL 

. OLJc <LkjJ yl\ JjLJI ftj LfthjJ J>rt‘i Lftjje. ( ^ all Li .All ull d 
• iff Jl Li .Alt Ijjl— ut-* *iil ftjL ii Li i A I ft.>*if JjI mil <jf ffi 

^liVffcl ml J^LII ftjjt L. ii >1 • JjLJ iiill jl ^ ill Li ii J^L ift^p 

*jU+ u* Cu^i jJjlL i*>L» Cxfci <$jll £ IjiJI fAj • (jJ L fcj ) s i 

• 3 "^ 

ftjllj Li. A iLwj jljil JSLJI {j* *jLi — i jL‘i« ...lj» — oiLjI I jl 

Ji-j-i JAIj ,Jjjj)l g-Lu. (JL1I jLLJI Li iAjj« ftjJLill j A >T> ^>,,.^11 
jj£L j A ft fjjj S^jAVI SjLftll JLj ip-* JjLJI oljLi JlAjj jljil^j , t ^ j i <cLiljl 
J>jj>JI J>L t>JJI {x£i> • jLAJL ^ * £j-a 1 ^ jj-i 

■ LjaJI *jlj^ Ljj jic JjLJI ^iwll jLJI LjjL*j <l^jjVl 
<^jjVI dl^) < <JiiJtl SjljJI oLjj jit ^ i iut I jlAJI Li .A jtfLu j^«j) 

. ^Ij(j 4jjljat Ljj oLm^ajj u& L jlft (J I 

JjLwAlL (jLliJI <tLii jju *LLjLj ti *ti\ jLaJI Li ii l^ju! iJL^L 

. JjLJI j|^i 

J“**‘JJ jl. 1 ** 1 ^^ ■*•'*-’* J >, l-“ll Lfj^^jj i A LiU. ,> dLjJ ^jLImJII JI 4 JI JL 
vjij^II 4 jI^aJI ftlj^l ^LJ <|>^3 JjLJI jL ^L. J a o* • > 

^L^iL <JLu(jj 0^4 Li (jLu (f jllj 4 jLj-JI Jilj Li.4<g|l ft Li‘il ^aJI ijjJ Ujii 
“•* fa 4 ILiJji ftj^fll jaAJ Jikiia jl Li iii 4 ( N i — A ) JiLL . M 

LjjLftj j*>j*K* ^imII jLJI Li >J> i'i »L , (jLliil 1 «xjj (jl ^Jl L^LiJI JjLJI 
jjLliJI LkjJ ^ JjLJI ^-Lj-m jji >»JI iftlji < <Je ^Sljll #|>fJI L i i A l 


TTV 



JiLJI ( j yi UwiAM jIjiLa jtt ill . M 5# IjS jjaj £ ill JoaxaII 1.1a o^j 

,jj j.jA.111 { jlc. Jj-aaJI ^ 4j <JIa jj-i jLlill <Jaii jLaaV <Lj j t> "t 1 1 SjLaIj 

J^l joaIII pi J i ~k \ 4 |\o- A | Jfci till i^Ujj . SjIjaJI <AjJ ^<i itil I jt *> jll lr>i «a 

U* iA — (ft — 3^0 f***76 UiiAi ijJaljJll 5jlj_aJI HajJjjI lj>aQljj3iijllj»mj^jiVl 

. ijtull <^aJI c4l >1*11 CiVi JiLuJI jUc ^a>jJ Jim < 



iAyiill *1.141 SjljaJI-U/A 


: ( Latent heat of Vaporisation ) 

t> ~ La.jJ (ji jaxaa jjjJ - jU-J Jjjj JiL- J> i^l Ji>^* <£*■ f>L 

LL> ) I rfc ] I I I t j| i 4 n j » il ijLC. (3^ iJLlAj . 1 j I <iaLill 6 j Ij^J Li I 

B & A ^ \*\ — A j J^juJb j La£ oil jJ . * ■*! 

i * 1 1 « <i A <^jjVL . > Jj> i n il <xal?xll 6jl^^JI jL^tj jljil JjLmJI ^ 1 A I a (J£lj 

lj* j r * > "u La J£ ^ a^ j >..iij£ ~ J ^jL» i.lo Cn J iV I J jLj <J 



< jjLiiJI <a>jj jjJj J-uaj ( Jxa. A <j(^jjVl ^jA (^LL-JI jLi^JI t- iin i ’ i j j < (jiij { Jia^ 

JjLuJI Li 15 t i jI lillmil ijk I jLj jl j-»L . I| l - > Ijj JjLuJI <jl (jjj 

yU .U|-aJ I (Jjj IjLi . jLuiJI jjc CajLill Ljlj-aJI <iliaJ I 3Lim ljj 



W = I V t Joule 

: i-ij.% H LAjOJ <ill» Ji .Ml I jjk 

„ W 1 v t . 

H = — = — - — cals . 

J J 

JjLorfi iji t*Ll|l m3 <Lla2J I ajj^j . u ly,KJLl £^il£ll J 

. <i*l£ Sjl_>a^ i.‘ll|*ti<r> l+ii SjIjaJI ^jk jjlJu jjjJ jUkj A 

^ , L <i*l£ll cJKj m gm ^ s assail jUJI <££ oil* I jli 
jjJI qh ftj jlau ^J| J JjLwJf 

I 1 Vt 

m L = — (8-31) 

, L tJILuJI Ju«duall 4l«l£JI SjljaJI jlauj t jSL»j 31 jIaLI * JJk £y\y 

:( Humidity ) l^LS Jjl aj 

^Jc, <JiUI <jijJbjJI Jail jlUjj . *111 jLikj (j* 4 j il • jljJLu *Ij_|JI * * ■*-*»* 

. jaJI fj* S-ia^ ^ >L*i *UI jlau 

I JjL „>aJl (j jSlj Ltkilaj . jLiuIL (jit <^JajlL ^j-l 

> ^*tl 1 Cit-^j^il -lit JjV vili>^j • ‘*'j« - ““I # (JLI <LL1 a ? j >*> ^ 

^1 (jJk Oiloll Cn»»j(j iiluutl <jjLjlU vlll.4j < M « j i ■ nil 4 ljltl I Oj^ll til j K'l 

■ O.L—Uill ^ f+i 

(j* £gA« i^a^II ,UI jGkj 4j,»^ <ju <jjlll 4 > i nil L < j«- ••*(! <L)jJa^ll 

Uj < Sjl jaJI U uij jjfr *JI II* ,juik \ i* *il jl ^ >11 4 j ^J| < »I^JI 

: dial 4^1 jUhjil U« irt £** Lj^L 4jn.>lYl« ^aJI ui jL^jJI 4 Cul5k 


XT. 




»Ja jjJ I 3 y* h*i I <iaJL LfJc. (jlLjjj < <Ljfcj^J ! ft jjk jlc. Hiiuti'J <ail£ # I ^Uki 

ft jjk jlc 0 Ij4.ll i Li^^Ulj SJjLaJI m ^Vl ijle. i iJjJLj * ULI (j«* cJjJaji |li 

ft jjb .l'if ill « jL-a. i ini ia jj ^jlJI Juc « UL I jL^j Ini i o «JJji ^n SLjt , •Lobjdll 


/cJtlll <Jo2j jlc A-kJuIf #UI >LL» JaiLua 

100 X — ^— — = (8-32) 

iAjill ftjljii *La»j J JaC. ^ a Mil I « 111 jLLi lr>« i A 

<Aj4j (£«ull <Joii I ^J JU eij^JI Aj 1 1 i>*il I <jjJojJI jla-jj uiljjj 

<jjJejJ I t Iftft.Uf fit’ll I jLajJI Ini iA J-a^i JjIg^JI t ijIjA 

{ jk Lai uSjiu ^jJI < JLulj t >nttft ftjLc <j jmill <jjJo>jJI m'JI 

H iWi a <jjjjU jjl i o~ij i^y> B & A £gJLli!jl j| { N V — A ) 

t>* ^La.liliVI £jJu . CjjiftjUi Jiii {J k- 

jjjV l£ jjl Ini > JjLw Laft.U.1 * Ij^Jf 

. Ojlj^ ^-LJJ j i jj <_kJ (jn^i'ti 4 

<Jc CulLa Jftl* ^ CtAft 

oJL> 

uA* tS i ^J j 

jl £_aV JajjJu B <£.tllll Jjlt C./jj 

J] <LS*u ^Vl JiL J-*JI jIjcV 

1\y-a)jC£ ^Joll A^liiiVI t-Aijj. B £UuVI 

^ j . ." y^j Lf JJaklj]l Joi- uojl Ji-ji j-oV I S »*t^ u dljj . ft Jjj-ij 



vr\ 



uj£* j j L* Ji cflj 4 jjjVI 0-* *3»> lt^ v-O-'i* 

I L» IjJ |J -^ ■ ■■" <jAfh II I ftJA jl/Cjj < £_a}U I Jajjluil ^ifc ^a!J I OuAJ oljloJl 
Jjlj^ (j^J • t.jbUjoJI ( ^ic (_£.bJ I <iai^j <ijjJI lj <a>jJ 1 jlnkjl ^2 ^ t] 

. ( 8 - 32 ) *0jIj*H ^jjim*JI <j|jJojll 1 | *i<^j C£ ia.jjJI ciL Sic. ^iiVll jl^JI Jni ■ A 
t Jftjj fctiJ 1 ^IJI jjjj Su f - ju 4 U*fc^L> t II 11 a <Ay} e - oaj 

<iali (jjaJU (jJ Ojl I ftJX. ^A ^>T iLi. . B ^LaLVL jla^a^JI i* Iji <L^JCkA l'JJ.'^j 
. £-«^Ui Jaj^ililj jl^>*jlll uM <_£jl_>a. Jj>t t 2 jjll 


cul£ U f 10‘ 


: (t - A ) J15-. 

^Jill <Jalj jjl < JLjl J jLu\jj-yi t jLf^j <jjaLill « l^jatJ 

?. 4 _it.., til <j^iajll . ft 30 'UjAJI ia.jJ 


JoJL 


uaj . <j^4j f-* 31.8 — ft 30 «*ic All jl ^ >11 Ut. . a jji idj JjIxaJI jj* 

. Jaij jk* 9.2 — ^£diil <ia2i jie ^ w ?iil I jllull 

/gtXal I 4 Ini i ,\*tf «.» i uli I tl ->j)l l»« ■ * 

100 X — -- • = I <fjLJ\ 

IIjaII .lie ^ ti itl I jUtJI IrUt.rft 

9.2 


31.8 


x 100 = 29 % 


tTY 



^ il ^ (jij L« I f ~ (jaJ£ 300 j^c jJ 1 * » * jLc l ji ngjA <xjm. u Irni^ *u j^jl — \ 

? • 10 25 

1 Li i ■ft Cl ~fc~ jU. £y» *(£JA 1 1 Ift »J ^ill <_uLUI u I oL*jl i <•> "J I JJlC. ■ ■ ■ ■■ -- I — X 
560 ly laJ I MJJk CAJ <C^ui jjli LJc. . ,jiK 373 JjljA. <A»j J JU£j < £juj 

JjSj 1 iai*-A Ci.a. 3 *<£>a41 jaJI jL-JLI J>L» (j\j>i> / jl* 

$• jl» 10 x 115 jjk (£jlU 

<a^jjJJI JaU-* (jl ^Jc Ijj < i^JjjJU jic (jca^jjJuSU j-aJI jL-JJ JjJo Ja-u^jiL* «la^)l ~ V 

0.00009 (jrJjuJLI jji tjia^jjJuVl Lilx£ j(ja 0.00008 yk iLi ^ ^ui 

$ > ^ jl irf> >11 JJjJ . X £,‘ M / ^h9k 

5. jLa OAjli 10 X 2.705 u^a. t i JuSU <ilj£]l Cul£ IjJj 

Ijjk ,Li .^» i_>4^.a I jlfe (jA ^Ija. 64 <j J-aj^ 3 <»Li> JjJa * Lil — i 

$. ^Ija» 10 X 5.3 (j*rjn.*i£Vl »^ja. gjj fjl ^Ic. Ijl jlill 

SjIjaJI ln» mA» fjliiMJt jje. jle. olLij^A Icjm JamujII I j.L-^ll Ja^jl 0 

XCj / fuM 980 <L*AjV i <jj jl^J I <i^c.j X ^juu / 10 5 4lilj£ j/u L*Jc. 

5 ( X{->^ / ^a» 13.6 ) 

« jjl / 2.6 ,j-A Jolj f-75 J>ili 300 Laj-j ole (jj-AjVl jLc. < > 1. *^ — *\ 

IuL^aIIj iX^ui 100 t.| * ^Lj*^ £ij-^ <i>^l ^ jLaJI <•££ 

• <jii£ 393 » jl jaJI <ab jj Jeia-njl^j i3"j f* 4 " 75 1+iAlj 
jU. jLi.mII (JjJa lnii(jJL» LajJa t Sjlj^JI Laj j — V 

I »“ »* lj|j . 300 ^>jJ ciLjj^J I jjmaII j^JI jl .mil U*njiL> > u » J> 

Jjia Jau^jJL* »j!c jjSLi ^jjl Li i^ll <ao 2 J^ajLi jLill Li,. A li jjXj »jIj-aJI LajJ 

xrr 



(fjA U« i<*> uuiJ _>aJI jl. Jl iou^JL* jji . Sj-» «— ill j^JI jLull 


^ . JkUlL* 


<JjLaJUj P (jJLUl jLiil Ini jl CjljLi-IJ <5j_JI <jjJoi ^ 1 " «»■!» oJI ~ A 


r • 



< jUJI uii$ p <t 



jlu <jUUI 5 jljjJI 4-^jJ £j* i_ji »( m #^j^ll <L2Ua Jbuj^jJL* jL£ I jl <i| Ci Al 
< . <LLJI <U*1I «> ( PV = nRT ) <Jllll oljUJl <JLJI <JjU-* 

X^Ij CkjJ >Uc * Ij I II pi ii't aJ I In i nj-I-i <JLl i nil <Jl i ut I ( 'jm ■ » ■" ^ I — \ 

ub^i2 O^J^I ijJki^Lue^jCjfJLxu^ ujLuZ *(£jaJI <ii£ jloltb I jjilS 


’ • V / cA*“10° 273 <a»jj Jit X^* 0.022 jlAil ^IjjJI f^tJI 

: 4-uV I CiVjUII (jj* tjJjV I jit Ini in ■ ‘■■■*■1 ~ N • 

< 10 X 6.8 = ^a.JI ji CillijaJI >1JC 

? di / ju 10 x 1.9 — olxij^JI L , .|j‘ » 

^ 10 x 6.02 = jjjU^il jjt 


? 02.02 = Jj^U ^j i n iM ^fjjjail jjjll 

. JcJ^a Cjiil J*uj jji Joii^l I I JJI Ji* jjjIIj ^jlt fA 

uL5kj ^ ^JlAll jUJI jt 1 Xhiit^l jjli Jl* jlc j j «~i |^i)l ‘*.1 » jjL — \ \ 

$ balf JiaA jl oU^llshVI ji£J jlw 

jjlX I jl i ^ J 5 ^ jJ (j-i »U.I ^.»,a n Jll t-jJaJI i>A,t>JjVl til < 1 j$ — NX 

• X^u«/ 0.00089 dJj-*ll (j-* 76.5 £,biSjl 

f 15 yi »ULI jlifci I ni i A ^ I <i(A£ JLx>l OlmA »LII jIaj oH5>j 

S ( (3pj f-«* 10.27 = 

» «««>ll oil* I j| f^75 29 ,y» *l>+)l j* jJil Iti j^jl — NX 

jLa-JI lilifb * jAj ^wuu 1.75 j-* 29° cr* fc***ll jUJI ln» .*> j,u LJc < 60% 


XX l 



< jJll / ^ 0.806 {X* -la-i-J-® C*a^J (£>111 ji^ail 4-*.jJ 

1.293 c^Ull^M 

<jjl>*i C^.jJ jiiMJ L*jlt # l>fJ I ^yk * w J^i ^ll I i n*J I ia^l — N t 

$ . 60% Ciit£ ^ 20 Jk luuJl 4^jJajll Uk . ^ § jlj ^ 20 
(£jLuu^ 5 a»jJ jS^j 3^0 {•* 1*75 = f. 20 jo£ i m 1. 1 jLkJI luL*J> ) 

• ( JWO f-* 6 ‘ 5 

<ajJ jit jLtl 5x5x3 UjLajI <tjt ^ ^ajII * 111 jL&j 4 *■! — ^ o 

<ajJ doc ^julll jLkJI Lt i/^j < ^ 12 jk ^olJI <iaJL jjla I a Ir . ^ 25 
5 . 3^j f-* 23.52 ^ 25 jj oitj * 3^j f** 10.43 f> 12 

cr* f 80 <^j f 10 <a.jJ 3* »U 2 3jL 

$ *111 ^Llt jit <c LJ I ijk glii I jtlill <i^ jilt . jSlijlO 

ukj * (jj> (jJx. *fcSj < JlaI 3 * * *1* * < aUiVx < i _nk — NV 

( fMtt 10.75 t_Jajll * l>fJI >Q.t t J_jJ» jli ^ 15 <UijJ ( j* 1 * 111 3* 4 .Mi tfkl 

I jjj < fu* 14.99 oJa^ll »Ij^JI ^yit JjJn ^ut«! 60 ^11 Sjl^aJI <Ujj CiXtj 
^,1 Mill *111 jULJf Us «A jjl^j < 3Aj f** 747.8 <j j ~il I *ljji (£>*JI Ui<All 3^ 

S ^ 60 jJ 1 »UI jI^»j U ».^ .ia>ii « (J^j f** 12.8 >* f 15 tr* 


xro 




<L>jl j^-\ 

( THERMO - DYNAMICS ) 


Lfia IS I <lLLJL ijl_pJ I Jojjj ^jjl ^iajl uJk I KjaLlidl I 

cux^i Ijj <j| l jlc. (jflu ^dJf i 32LLJI «(JL ,'iuL3 jj-lc. LoiLul ^JjJI Ijji i «1 »jj < j^SU 
> Jji <ic.Lilll oULUl JjJic* ^ Llil JaJj < oLUl <xt ^1 ofjxu 

cujI L>S Sailil fj\ ^ U*q1i > «(Jfcl i 1)1 x,*.t oLaLLJI L-aLal <^jl m « < j _■ • 

die. SjUI jj* fklj^JLi < LAjjjjaj (j&aj at a •%'il I oltaJI ^jJI Vijj 

• Ctla>jVl j^a £jja <la_ti La ^ Inaj <lUa ^J| 

: JjYl — \ H 

( First law of thermo dynamics ) 

<i(JUI t^y* d ‘‘ < Jjj^j I jj-j . 5 j l^aJ L) Jju. U I L/Vj O^LaJ I j6 jjjUll I JbA ^JJU 
bSJk {jXf inj m i v_ixullj dJ^J <jl_i J jj -a_ a ^Uxl g\ JaJ J <-lUa ^1 4_j£jjL!£xll 


j*jm /Jj^ 4.18* 4^kii jSH ^£oil^xl I <_n*iii~J I culi jau^j <oixa£Ji 

(-.iiiililll Culu i*(j JjjaII I Ijjl Cuiljdl <tahia ujLaj (£j-^l J<a Jjl jJk »Mj 

CaoJi] I >‘,illi JftlTntj Jlj—iV CLaxi d -^jl ^dll dullll <jl VI Jja* i_jjLxj <uljj {ja 

4ja^j . dulaJ I Iji £j£j all dilj «1JU C u y xi ^Ij jx^V I i_jjl -^">1 1 O* dJdaJI fi. 

j ji Jj-a (jiL* ijjll jlj&ll (jJ I »iUd 
,4 ZjjaZ * ILxl j'jJc uiijjj V ^ji^aJI ^^SLul^xll 
lL* *ljL-..l jtuutA {ja jl ^ tJI .oVIdail <Jj t>1j a dLe J_jjk u* axu^j 


■-•y- ni> *i JirtTi oVIdall {j* <j^xj 1| Iaj vJjaJL < *UldX« £ (_yl I 

Jia uijJa Ji ^dxjj U&J&J (jJt a Li jJa jju I nj % Lf|>^ u^jjJLa <jljl ra <i<l OjLfl ^ 

. ( \ - ^ Jii jill ) m, gm 


rrv 




• > « < mt I J»lj tw^JLI jjjli h cm <il i >i> jlkiMi JjS Ijl 

aji, , <s^n\ ^vijiiLiii c ijjvi ce *ui jta: oVixJi 

*ijl>f jIjSmj « ^ >l*i ^ I I »ULI oLiJa 1^4 tlijLaJI ai^L^VI ■ ■«••■« ijlj 4 > 

, Olioll Jja ^SLtt jj all JjljjJ I Jaliial 

Ju^j • JIJ LaLu^I ill Cljjl •> \j jJLuJll ( jj lj ^Jl SjJalill CiL*£ uluta^j 

<fcU H ( W = nigh ) W ^SLiKJLI JiJLlI c* UMJI Ji 

, J ^SLjl£jJJ •jilill ^ji ia^JI JjL* ^ Y — ^ ) JCmtb u£f* L^Sk 





: tfjlpJ! 1 ^— 1 /* 

( Calender and Barn experiment ) 

<^>1** <jj.-^~>II * Liiil « j«"n ill I Jijlll <JL^ioJI » juk ^ - • ■■**■ 

clLw uhi ja± jjLJI » UL I {yk jU 1 <ill» ^1 <LuLj^5ltl ULLJI 

.Cg^uull^Ljii 

Jil J £jdUOJ«* <^jLLa jllm {jA (^* ~ ^ ) (J* 

JLlft »Utl 5 jlj-3h iJuLiJ ^4 « 1 | l~fc l-Lj 4 U.I |J4 >jj»4 jLu jl^»l (j^4J < ^4kLlkJ 

. t, & t 2 £>sJtl dkj J^jll 



<iUa jlljl «4>U • SjSI J <]ninlj4 lillmll jj I jLj j^ U 

' ^2 ^1 O* < clLuJI (jlt 6 jit » HI jLu 1 f <Jljlj^ 

<L±jj cijuu Uj^t jilj «(£jIjaII (jljiVI <JLa. J 3 — ojJI jLpJI jl>*| 

• (TjaJU Jit #UI Sjlj^ 

4 III (Jijj Jj4L« ^ IjU . <LuLj^ll <i UoJ Ij <L j I oUaJ I l~i_i (^jl 1 hT>3 



m gnu 2 a ^ »UI <L< q«J j £>*j <j* <*■• 4.j ^ > i>> 

m ( t 2 - t t ) <-M Oil ^ >UI t> L-Uaulfll SjIjjJ) qj^ , 1*1131 ^ CO 4 y 

JjJV, ^LJI^jUl jUlISj-iliu^I 

: jjjl oUaJ I *LL <JjLc* ijj&j dill jjitj . <jijla jjle. it|^ll 
I V = J m (t 2 - t, ) (9-2) 

) Jjj a . “ JI c*j1j ijukj jAj J ^jlj-^JI » r il£il xa^i Lfl^j 

jaJl AA* 1 \ Jte jte All# <£jdl Ji-ttl — r/5 

( Mechanical Work in gas expansion ) 

tJxjj jlc JnJ»>A I jQ j^uSwJLj J Su <lU <4AjLa* (£>i jlx JdAAi La die. 

jLill , ti tj jjJjV I < 1 LJI jjj <11 ^jjju I Xfj . <_klc ^l.i .i'i J-Lal (£>211 6.XA (jU OajIa. (£>i 
<1LsJI (ji Lai < 4 jajI*JI (£>211 dua J>lxa ijiaila L|5& 1 u«V i4 jlLldll <12 Ua <ja I iA* > 
Ji-UI jljJLa ajLjll i <aiaJ.il I 4-12 Us jjJI ■ *1 ■■»* Lilia jUJI I_u a 1 ^l 2 LtlLall 

. jUII > J,UI utvjlill 

jLill jjiLajjJ dU jlaLaj 4 jlLl.il I 4 jiUa jxiH dQ 6j I ja. <u£ jliJJ LoJLc.1 IjJ dll j& 

4 jl>^d kill 6 jj -wttll yl c Jjrt a.j oUJI * LL ^‘i wLj < dW tjji »i J*«j (jl 

. <*jl >aJI Kjalijill JjVl (j>ilill 

dQ = dU + dW (9.3^ 

SjLil dJLC Sij i <-<ul‘>1a <JjLJJ cJ-la^ jjjii <jl i_-iaaJ <il £xaIj> 
jl>£a JaaaJJ Jouj 4 >JI !jlc. ^la.iii J Jjj jIaII Jjlfa Lai jl : ^JjLa i_n -a i_JLaJI >1 dW 

jjjk jLfaJI ^lc ^l.a. i u Jjjj ifill jd <La>jLJI (£>21 1 Calif* I j| Lai <UL« dW 

• La^a dW 

^jlaJI (ja 6jl>^JI (ja <aa£ JjjluuV Ladle. (^| < Ljl>a. ^ lialll 3Jla> 



: OJ^i Ljic ~ <£ I — <*jl o* , iiijV i‘U,\5\j 

dQ = o 

o* ‘dlj'Aj • *jl _>»JI >= <y^ £* (fl “ LiLLjl IjJJU jjjjjt jJull jAuiJ 

C^J>U £A (j£|j oliUJI J*L_U <XJ < 3 bjjll Culi (£\ — I jj>‘JL ^AW 1 J ‘« ~1 1 

.5jljaJI<^jJ 

• ( i — ^ a I 4 lil j <i Ij la . u I I J £ j It j)A L» 1^^ 


ymmiz 




1 gm 


;[£SSI 
') urn iltti cm 

P V T 
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m muzz 


r UIZ 2 JTL 


rnra 
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rnm 


P. V'(T*1 ) 
(4-^) j£L£ 


P'. V , ( T ♦ 1 ) 


^ % llj I ni « A ll itij ~>i q* P, V, T (J j <ujIjJLVI jUJI <JL* jji jAji^ 
j>* <-a*£ jUJI l‘uiir>f I 1 IlU jUJI v Ua - v'i ijuihj ^^toSJLl lilj* IjI .ajIj^JI 

,jJk < ji a£ J 1 AJJ >‘i 1^3 <<jj_I_A AJuadj <-a.jJ |klj_aJI I jj Sjl_>_a. 4 _a.jU £jjl ^i^'i Ajlj_ftJI 
Lilia £J»J Ajlx. AjI j^uJI 6 JJ ^>,.1 V " . n*(j C y CuC !*■■>■ a. Civl jLiil 4 ‘ AjIj-aJI 

jUJI a llucl jjc 1,,)^ (jaaiill L£jj I jl La I »rtjl .Ini irf~fcl I jljjjj ljIoJiJaU <£jjail 


jjJk 1 L_tjj X iJ I {jjk <j_*£JI A jj jj£ <i>JL» Ajua, Ij LajJ <JLajJ juijj < jSil Ajlj_aJI Ua^ 
Jxjjj V' ^J| V (j«A jUJI ^ jljjj ti^j < Culj .la* |A jUJI 3x£)jJI AjIj^JI 

JaaaJI I Of] ijjSj • JTjtaJI ,ji u_> L^j't Kj a ^LauIm jxaIII Ijj*Lu1 

oLLij^aJI <iUa <Lij^UI LjjljjaJI <L2Uoll <j-a^J <iiLui^ i^xakJ ^ll^A 

■’ o* tf* .AjaJj <AkjJ 

Cp = c v + dW 

^IfU »a <a! hi a jjl « jUJI jxoj Jjj-JJ dW U *jjl^XI 

jLiil jxaj »Liji dx <jL.ua* idj^j jj jlj < A jjk jUJI <a(j-LamVI 



( V 2 - V, ) = dV 

. ('jujSCll 4aLu 4 x jlxll U« iijaII •*• 

liLJLI x Sjill = ^(£*11 JjuiJI 

.*. dW = P x A x dx 

dW = P dV (9-4) 

dV = A dx ^ % -fcl I !ji jjjuJf it> 2 > 

>1X11 > 3 — A J — ■ (P dV) LljjS <SUa J> nil! fjjfe 

*1 

oVtiUi^t f fe«. » ijA tiil U, ollUf fjJ*. 

ul f±J u vJUJi o) ^ IjUuI J cuLDI U-»i ^I^JI l^LUjit 
UjUa JSi lAjla jjSLi ^ 3jjlj* iStlju^i (jjfi (jl Ufj Jtil ll otj^l 


<jljL>iVI jUil JjLJI ^ic oljUU ^Ixll Am UJI jLlul (jVI 

PV = RT 


<LUil*lA<JUlLu 

P dV + V dp = RdT 

, dP — 0 : (jjju 3£jaJI ja± Jj! iifi - ^jl - (ojC jUJI IjU 

P dV = R d T 

« * «H uj^Lj dT — 1 : (jl (^1 Sx^lj ftjlj^JI <La.jj (jti I j|$ 

: (jl (jljjaJI ^1 ^il jUJI CutjJ L)jLm4 

P dV = R 


o£ i dlj iJ kj 


c p = c v + R 


(9-5) 


: < 1 - ^ ) Jill 

IjU • (jjlll ji«^JI ul jU (j* oUljak 4 (jJ* o*-^* <j(jLial ^y>Vi 



cut* * jUJ' j * > • i t ,jis i . a 1>^ iji) 1.6 jUtl ■»- ji^ 

jLiJI Jjj dl.i£ < jUill cijUf I ,^111 SjIjaJI <±*£ o^jli ^ 12*lf uH* 

. JX«lJl yk 

(c p = 0.248 cal/gm/T) ’jUll^ljJIUUJI^jjtiilljjil^ 

: 

: yA jLiil cJtcl jill SjIjaJI 

H = m c p (t 2 - t,) 

= 4 x 0.248 x 127 = 126 cals 

jA V 2 fA ffc H 

T 0 400 

v 2 = V, = 16 x Jjf = 2 - 34 Litres 

^ J>UI JLJLII .’. 

dW = P dV = 2 x 76 x 13.6x980 (2.34 - 1.6) x 10 3 

= 1.5 x 10 9 erg = 1.5 x 10 2 Joule 

dU = dQ • PdV UklallULUI^jsuSlI 

= 126 x 4.18 - 1.5 x 10 2 

= 3.77 x 10 2 Joule. 

: ( Adiabatic Change ) : jiWi -</' 

Ui£ < LjLLjI JjtiiH ynl I U LjIjA Jj^lU <lLk yle. I J Jit 1 A t 1 I j| 

4_ilinJ f V L ima jJfi JJaull yA JjJ > 1 1 J » .im 1 1 j*t K j t ^ jLft JJ 4i 

jLill Jal,» «Ail <iL* yi . jUJI Ca>jJ Jrti tdij(j • UillJI 

^AijL^JI Ji i ill ^illi Lu < <LtiAloll <j t(U jLjjV OjIja <a>jJ i LuLLjI 

.Ctlc Jjiill 



< j Lil ^LLjVI jj t ^ll ^,L^i (jiJ PV — RT ^Lill jLiii <IL»JI <IjUu* ^ I <-n~> V 
<llLa> J*i-<j> Jjjju-. ^Ua_i J-^lj jLc {j* X ^ajUt <^U 3J <i ml‘ttl <JjLa 1I jLauVj 

.(P,V,T) 

AjJtf j liili Jjuu 3)1 (J* CiQ ijjiiA <a^£ jlill LxJacI lj|j 

(9 - 3) <]jLa1I |»Ij ihLj dU jl i,5aj <i oJLLfjJ! oUal I jj *71 L*£ PdV dW 

: u£* 

dQ = dU + PdV 

j t irtll LjjLmj-a dV fTfcl I ji j_> <ll I (V = const. ) jk-y ,-kll Jjcj 

: C v CuQ ^-a-^ jlill Cufc^jll SjljaJI 

_ , dU , 

° v ( dT v 


dU = c v dT |UMU till 
(9 - 3) iljUIl 

dQ = c v dT + P dV (9-6) 

: (jJL PV — RT CiljUil fUll o>jlill <i^ilL*4t3 
P dV + V dP = R dT (9-7) 

< dQ = 0 3 aj^ ^LLjV I jjilll ^3 SjljaJI i 3hj 

(9-7) * (9-6) 

P dV + VdP 

c v - + P dV =0 

R 

C V PdV + c v V dP + (Cp - c v ) P dV = 0 
c p PdV + c v VdP = 0 

c p dV dP A 

7-— + -F = ° (9 " 8 > 


0 





In V + In P = constant 


(9-9) 


PV Y = constant (9-10) 

CutS Ua C*aJ> jUll Sjl^aJI (jo <o^ill 7 = C p / C y 

■ jUJI <-uLLjVl Cl I j-ii-lU *Jlj JrJ> iAll I <JjLk 1 I 6 jjk ^ U , Ciili r- 1 *- — 


I IjUfr 7 0&* 3 

(SS^i J}!^ * <1> * S^ii ' ( ® — ^ ‘ “t Lj djvJLI jlf-aJI ^ ,i , Ti~ii n‘t 7 aU^Y 

*LVIj ijj rt i j 1 . 4 ^ i *LiVI jUJI Jdi i^> 1 < v iQ4i J • ~jj • jLiji-iVI jLaJI ule. 

• J^ajuaJI ^jc. jUJI irJ>..J> SjLjJI ^-Lil 



t (>flLj Sj_iiU-« Jxalll N j ^1 * . ^> 11 « Pj jUJI Ui J1 lax* 

jkt Jiii < «j* {J Aj P (I (jJj P I O* iai-woO (£>xJI 

■N, 

{jc. jUJI S jljjk <a.jj jAi% 7 i dial < LuLLjI Ij-u 3 ^IamcJI * ale jUJI aaxi ^xt 



Jju i jaJI SjIja £-» jUJI 5j I j*. <-^jJ (_5 jL-*H i>Aaj jlf^JI Jj3 lj] 

j_jll P Q ^Ll» lA jljjji J \ «iij < Sjlj-^JI (j« <1*1^ jUII /iiSu jjl 

LILj^jduul jx*j jUJI jl jl 1>« >All juij jji jUJ) ^Lflll Li .All 1.1 a jjljj .P 2 

^ ) (jSLAJI ^jk lt£ PV ij iVt» f jle. jUJI <iL* jjju Jjul jltjj 



P 1 V 1 T 1 P o v 2 T 2 p 2 v 2 t 2 (n-^)jSUS 

Pj * < "\j ' -I *^1 “* ij* t I 4 <jox4 <Lt£ <1U> A 3Ll*>ll JjUj 

lHQ > LkL»ii # UV I SUj jUJI jj* ^^tvfl lj-i Si jjAi I j| . Pq ^^ aJI LitAll <j^* 

jaJI Sj Ijj» <a»jJ j* Jil Sjlj^JI <aijj jSjj Pq (_g» aJI Ini » All ijii^ B Li til J mi 

■T, 

jlill LA>A « (^jljaJI jljjVI <1LJ tlj j^JI Sjii jUJI 

. jaJI *jl^a> UjJ jui) ji Sjl_>aJ I UjJ tioa C 3 Li til Jia‘)j P ^ 


rn 



.^LLjVI joaIII tJlLftj AB 1 I a\u jjjuJI {JjL«j AC 

Ji>j J i UV i JJ j) < Sj^Ij C & A (^uJLJ I ^ J£ Sjl^ak u jj Uj 

P|V, = P 2 V 2 

: fjA jaiill <Ij(jl« >j ^LLjI C J\ Ao-j-311 Lj 

P V Y = p v Y 

r l V 1 r 0 v 2 

: ^jJe J liiifci cjGajLJI ^uJjIaII V., & Vj *- ***»- (j 


7 = 


Log P, 


Log P, 


: 7 i CiLalujlc^jill oily 


Log P ( 


Log P 2 

: <JjafclJI <j I Jj jj& jlxll IrUto jjl jLjcI^j 

P, = Pn + ll, 


(9-11) 


: ^LLuV I jjdklll juu jUii oh 

P 2 = P 0 + h 2 

( >Aj «4 lII L, < I LiiJkll jjLjJI Lok h 2 & hj .*>_»*»> 


^ (9-11) 

ii. 

LogP 0 (1 + p 1 -) ■ Log P 0 
_o 

Log P 0 (1 + ^-) - Log P 0 (1 + ) 

r o r o 


Log ( 1 + _L ) 

J_o 

h. h 2 

Log ( 1 + -p- ) - Log ( 1 + -r— ) 


: ijd£* 4j£iU Sjii I JLji| j-* oLftjjjl^DI dijj 


Y£V 



h. h. 

Log ( 1 + pi- ) = pL 

r 0 r 0 

Log ( l + f- ) = ( 9 - 12 ) 

r o r o 

( 9 - 12 ) y <u 2 — ^ • — "ij 

h, 

7 = h, _ "h; ( 9 - 13 ) 

• c p /c v ^ • ifl utuiSb h 0 & h j l/x.LajjV I 


(j) ) j.i a.~ij t 4,1 >f. jlx 5j I j_a. 4-^.jj |ji j i « ill J-^jl 

^ 15 ^il«xJLVI (jLt LJc ^.lirtVl < *ti •> JL!l»i <_ uL*!i !jl\ — UjLLji 

9 (c p / c v = 5 / 3 ) 

: J-aJ! 

PV Y = const. (^gJjUII 

P V = R T 

X V"* = Const: Sjl^aJf j- ^ ~-ti <2^lc. jjifc i_Jj ■ — ■-- H 

T| — 288 3ojIjLVI SjljaJI <a. jj 

^vu*J I Jli.1 <uL5 ^jLuu V 0 ^at^kJI 

v 2 = 8 V, 


T V y 

1 i v i 


: {ja T-, Sji^aJI «L^jJ i jic. Jmni 

= T, Vj • 1 


T 2 = 288 ( 1 j 1 ' 1 

1 Vi 

T 2 = 288 ( i. )- A 

= 72 K 


\IA 


• « 



: (r-<) Jlli 

<• «« <jJj C<>j 5 {-» f 126 <-?>■_) J 1 

. laJUL» Ijli. f jjl jUltli JJ-aoJI I J4 JLjXxll Ji-JUl Xa^jl • jj 1 ‘ ^»V I < • ^ 

9(R = 2.88 xlO 6 erg/C , c p /c v = 1.4) 

: J-A 1! 

T V'*' 1 = const. . 

. JjLJI JIjII LtSt r ^ SjIjaJI <a.jj J*u»ahj 

T, = 548 ( — )° 4 = 315 K 

5 

: jA LJ(jb« jlajl jLjcL j.u*JI JjjiU (J* All 

W = p, V 2 - P, V, 

= RT 2 - RT J 

= 2.88 x 10 6 ( 548 - 315) 

= 670 x 10 6 erg. 

= 67 joule 


lt\ 



( Heat Engines ) 


111 I ajjtiiu °/^ 

( Second Law of thermo dynamics ) 

d * oUa J| Ljl^aJI <jlLJI CijIjaJI L^i.aIujJI JliJI ^m UJI ^JUu 

ljj> (jfc jl i (j L .uVI (^ul f Jt I ijjft. 'vJ I JJJ (jl (jy . tUirf 

SJjj S^-a^jilj iitLLtl ^jj^l £lji| O*- SjIjjJI Ji u tu (jl (JjjLH 

Jl Sjlj^JI ^2j & all jLfJI ty^ii • l> 1“^ a* f ^ cA 

. U jLUiJIj SjLl^JI <J1 cUj Jll« Heat Engine L_>l ^pJI JUVL juL* Jl JJui 

(jiail (j-* <j| < I j.tll JjVl (j^LUl Jc ^l£ll JajC 1 t-fc. i^jl (j| (jj.tii 

(jl JL La* (_^jj <«^3»La (jS^j . LiLta J| L«L3 •*-" LjSLuil^Jll <JiLLil ->'i 

Jail Ujjfc JjAJ (jl (J (jitaj l+j»ll£ Cu(£ I aj a LjI JA. <U| (jl jl < 14* jAfc (jijk«ll 

Lf^jJtu <J(1* Ljlj-a, «iiy Lfc^ai jljl£ £—»j Jjj . Ju-L* Ji*£ J| LJjaJI LilLJI ,jA 

' ^ 

: ( Carnot's heat engine ) JjjljaJl jjjIS <Ul 
~-*\j . <5U ij^ » • “** »j( LJCL* IjU. <tAjj ft *1 1 Ljl A I j*- * *■** ■ -i 

. <iib 0*6* ItiiJL (> ( V - \ ) JSLUI J, LS ?jjla *IVI 

ftjljJftJI JLLul £oi LjIja <Jjlt ijL (ja (juilllj <i[)]cuuVI (jljjik (jl (jAJj 

Ja (_£jl jaJ I (Jj. v^yjjJ I ft»Ul^ ft jLa (ja .In ft a <CilJojuiVI ft jLC.ll (jj£j 1 **. > . > * 

. Jifatul I ftjla jJ^j <jlJo-uuVI Jilj jUil ftjlj^li l^J|j l^lft (Jill* 
Li(j < ft J jaII <aj4j Irvfti .uni Ij I (jj» <jj-*_A <JL=k J jLillj LlJj Cul ^yojJu 

ft J-ft . LloJI <JaJL jiili J| LLfJI yJ Lu^C JajJli iCiljjl ft.iJI (j_A ^Lultia (jjJa] 

: Ju gJjl Jt oljfiill 


To. 




^ <JLaJI 4i* oUjIxa] PV ^.^4 A <LiilL l^ljJuVI jUJI 
^ »■ ■ n i <j(jU m V I j^J*. tj* JLSjV I ji*J £4„)i . ( P i » V j T | ) 

jliJI <JLa» ^lak T | jjc Sjl j»JI c £-* < ^JLtj^waVl jjaSIL jUil 

Q, £yk ImII tji Jit* ^*i «l jj jUJI J)| ■ B 

. j.laIJI jjuG <JjI«I jiin^Jtl 

LjIja (JjLt J*Ui ijlc. ^ Ahj < j^LJI jx^II jjJt j* dJj jju <il^iajuiVI — T 
£4 Jujll « JooaJLI jjc L 4 I 4 V> Vjjx4 <jljJLxuVI jUil 
I j-A (jjSLjj • C Aloiil) (J*ai jli> jLiJJ j_^l J-Lm £t(x»V XI I l jic. (|jj JUfiVl 
.T 2 ^1 Tj ^>4 jlxll Sjlj^ (jiimi IjjLLjI jj.4~JI 


Yo\ 



JjJjlj *_<( iA|j < T 2 <Jjlj-». JjlIIuui jJt villj Jju n\ jj ~ t 

ij ■ -»■ <Julj Sjlj^. 4 ajJ iii%*i jlill J o i. J» jul _J « (jui^ 1 1 jjic. JUjVI (j A>j 

jlill jc ^allj Q 0 Sjjljll djIj^JI JjJaa t 0 <?Ui*ill 4olla» 


. JJImJLI 


i JUjVI t tl >A t <Luli *J _4 JjbJI ijIl. ^ .Aj 4 j I Ijj -l I £tjj — 1 

<Lii ^ JJoj j>jmj T j ,jJI T 2 ,j* <U.jj LuLLjI jlill U i. Ani 

, <ia l£ SjjJ IoJjaI j2 (jj£^j * A 3aljoll 

J}UL Oja ji Jj.i Mill I SjL* (jl < ,yi jilt ijjjj ABCD (jlill J£alill ( 


jl.t.in Jjj jJ jlij I (jl LS . qJJjLLjl (jjjjji \y jjullaj^Jaaji (jjJJJ j.i (jic. * jjjll • j-A 
(j5klj < SjljaaJI <a*j J (yl (jAll^il <*.uj JJaoII IdAj < B ? Ini'il I ^11 A <Joiill (ja JJoJul 
CajLL* jlill vllljl « <a>jjll C^jjj £* (j\ — ^Uj!|j^uj 1 B joioll (jV Ijlij 

ln» >Aj l. • J if i»ll . T j 1 ill JjC <jala <ajlj^ 4~^jJ (J iJ < Qj ijljjfe (ja 


(><laiUllQ 2 SjljaJI^ T 2 SjljJIL^jJiiuju D 3LUI (jJI C ilaiill (> jlill 
t^CjJB (ja (jojOAoll <LuolL L»l >(^jlj*JI Jj‘ |ijlt J^*“ jlft jldl JoLuaajl 
. LjljJk Vjc VjjAa (jlfk jlill jV LuliLjl ijlj^JI <xo£ C<JJJ £* laaJA LtfjU C ^1 D 
LaLoj mj C ('jit B (j« ^jLLjV I j kill I * loll Jjjoll Ji toll (jV J_«a I *g > Ci i Vi 1 1 (j 
ioijj (jAj Jj JjVl (j V till^J < A yll < D ja ^LLjV I Li lAll »loa1 Jj.lt 1 1 Ji , *tjl 
Jjj {Jl'T 2 Ji^*ll * T 2 jyll Tj (ja jlill Sjlj^ 

- 5jl^»JI u-» 

Ji.i.*i Jitat (jifc O C lii. l I ji Q | Q 2 SjI jaJI (ji ifji ^ja-Ui lag 


W = Q 


dljj < JjLi Ji-i. ti ^Jj ijl^^JI ji j i«il Jjjkaj «£j 


.W ijjjll #laa1 Jjjxa 

Q2 • (f ^ 

<Jjl>*JI <1VI Joe, jvuAjJ Ij^J 



1^14 JlOuU < Qj fcjljA JjVl ( j-> «J -IjIj ja|j I .i ^,. 1 . 

. f jL. J£*£ ^Jc Jliu i J I ^UL ^^iijj Jbtl* Jiai J£*i ^ic 

1 |*t4 ji^tj Ji >tJI 4 h *& (jr^J < 1 1 ii'iIL T) ^ J ya^JI <JVI j»U^ ^li! 

• U* ' j« 4 -*-fti' I (j“* I |~no*i«l ^^jJI SjIjaJI <Li4^ (jJI 

Q, - Q 2 


>i = 


W 


Q. 


T1 = 1 


(9-14) 


jjJ <IVI Lflc. jiiluu ^ill < Q2 ( o.nii L*K <i1 ^jju I JJ^j 

|t j u~>"> 1 «.l tr < T) — 1 3 41 H I J irftl ^'1 ^ <JV , i» 1 * **■ Oil Jjl l 1 Sjjl_i 

Q | 4 ■> *^JI jhxjc. <JVI j* ^jL»JI L*La4 ( _ r Jj3LL 1 •ju* — 1 — Q-> = 0 

l^tbt (jSLuV Ull» ^1U *44 jl J4 

^■1— -fc ,->rfJ I .A ^lj-11 (Jjl i* 1 i ^ L-fl <jjIj — aJ I CjW I ^ (jl ij « u-i 

.( 1) < 1 ) 

w 

I J^lL-JLI T J Jj-uoil ijl J*. <a.jJ qa J$. ij 1c. -tt— 3 > mil l uifjlu 

jy£] dljJ <aLLJ.I OjIj^ LitjL umLjj jxu»1I ^ ^ia*> « 1 1 Sjl jaJI <jl j| 

UVlfclifll 

* 

Q, t 2 

T1 = 1 - — ^ = 1 - -2- 

Qi T i 

L> K « ^jUll J ti< *«m Sjl^^Ai {a jj j a 1 ft 1 1 i jl <lft j«i cumuli 1 4 K <jI 


2 - 


■**■ ■ **■ Ijl L«j>u < jtiftll LIVI S»Ij£)I cIIj j* ~ — 4 um ll cujAtl 

1 1 

< S#U£1I <L»Li |U4dJ <JVl jli (j LUJi I ji i«rJI iakjj Ji«l jlab JiiluJil ijl ^ftjA 

T| = 1 : ul tf 1 



( tu L*) lt£ l^Luil (jjtiJI (jAJ ijh LkJ^j 


jl <jjJ ^ vji-ii ^jJI SjI^aII 4 ^* < J (^1 JIjaVI 4 ^* JLa tf U j jJuV » 

. « JjL ^1 j > l<« j> t<« A ,j-» Sjl ^>aJI 4 >* J2i C>l>il 4 _><*ii 4 ji ^Lj 

: C*LJ£ y^J 

4 j* Jam (jl «<iA>jlab <iiii IjIJ^Lmj jl j»Ju < LjI j J-*Jtj jl 4 jjIjAi ill jV jl «jV » 

• * yJtl (_P ] (jAiii* ( £> ! *»«* 4 >» ijljaJI 

Entropy : jjadUI-t/* 

(9-4) ilal*ll mi iaj I ^ij Li ill ( jj J j « < t . jil ) SjLo ^jLc. J^ull J « > m1I » >1 

W = | P . dV 

5j4jJ < CD & AB jJftaJL jvIV* 1 1 jul L< jljj-. ujV I jjjjj *.~J 1 1 j *‘»i I jQ 

: CiAi ^Jjj Ji>e 41 h^» UfJc ( 3 ^ jijl^ 

P 1 V 1 = P 2 V 2 = RT 1 

P 3 v 3 = p 4 V 4 = RT 2 (9-15) 

otfaUll U^L j,Lr.i DA & BC jULLaVl jlj^l U 

P V 7 = P V 7 

r l v l r 4 v 4 

P 2 V 2 “ P 1 V 3 (9-16) 

: AB (jJL* iS vmuVI aa^Ill »U*I \l£jl <Jo^ul «^J«jull t ]JuUI alljj 
[B (2 RTj 

w - - L p dv ■ I, -v 1 dv 

W* = RT . I" 

Yo i 



^D^JI C jUJI^k JbUI Ji-ilf JiUjj 

V. 


w 


CD 


RT, In 


: jUJl <lftinljj Jjj ^jJI <K jJ L# jIJjjmjjV I J> >*11 

V V 

W (iso.) = RT. In — 1 + RT, In — - 

V I ‘ V 3 

(9-15). (9-16) c*A»Ull < >,£l 


P V 

r i v i 


P V 

r 4 v 4 


P 2 V 2 

pTvT 


P V Y 
r 1 v 1 

P V Y 

r 1 V 4 


RT t 

rt7 


P 2 V Y 
P V Y 

3 3 


II 

T. 


: jj j£j ^)| <ajLJI oVjUII JIVlI j£1 dijJ y & 1 ^jl 


V, 


W (iso.) = RT. In 


W (iso .) = R (T. 


V, 

~\J— + RT 2 ln V 1 
v 1 v 2 


T, ) ln 


jJ i 1 J4MU 

V. 


(9-17) 


C ^1 B jj-a jjiaJI ^LLjVl L«l 


W 


2-3 


( adi. ) = 


P dV 




3 P 3 V Y jw P 3 V 3 


dV = 


V Y 


1 - y 
1 

0 - 7 ) 


i - Y 

3 


(V 

( P 3 V 3 


v*' Y ) 

P 2 V 2 ) 


Yoo 



1 


(RVRT 2 ) 


(7-1) 

: ja A (jJI D {yi jmiII »(jj1 !ji JjjJd (jjLiLjVl Jibuti (JilLjj 

1 


W 4 _, (adi.) = 


(RT 2 - RTj) 


(7-1) 

* <jl cfl Sjjall J^IL. <K jjjLIjjV I JajJuII 

W tot. ( adi. ) = 0 (9.18) 

: jA jijli SjjJ JjjJU yJ£ll Ji-lJI (jj &> 


W = R ( Tj - T 2 ) In ( ) 

v i 

6jlj_aJI O .4 X L*uxt| tfjL mjj < 5_ 

: u* is 1 • i+1**- tr* ci^l | l i “ l u^JI ( Q 1 

Q, - Q 2 = R (T, - Tj) In <^ 2 -) 

V 1 

Ql ^2 ^1 ^2 


Q 2 ) 


Ql 

Q 2 . 

Ql 

Ql Q 2 


1 - 


= 1 


= o*i tf i 


(9-19) 


dQ _ 


= 0 


: <uV I ^LaUiII S { jle. < 1 jU 1 I » 1 a j£j*jy 

(9-20) 


ijjjll ) jjk «Klf 1 1 ut I Sjlj^aJI jjJt . <LL Sjjj fj-lc- 4ji^i * La 

<ji ia^bLjj Entropy. Lm^ vuVI jl ^1^1 i^*Ju 

<1IjJL I jj-l • jA-aJJ l^jluu (jjSL jijti i jyi ^ 

(9-20) <ijUI jj^iS 


Yo*\ 



dS 


0 


( 9 - 21 ) 


S = const. : J\ tf l 

Ljl^aJI jJjl£ SjjJ Jili jJJLuV Uilu JJdLj jl ^^jju I 


: (Meaning of Entropy ) : V/* 

L»i .All J!L* I | ft • < ^Ltai <JLaJI JljJ jj* <Jlj jJl jt irt ill 

dll j (j* ^bjlLu • Lfl L*a 1 jIauJj tj <*li <jliAlij <llj l_|^l . Sjl^kil 4 ^j 4 j 


. ^Ualil <JLJI Jljj ^^LjSk <iLamI^j (jLu ^LlL* ^1 iLul 


dS 


dQ 

T 


: O^UJ I £yk ^ | * *_‘ * ol I »> JaAA jLii L*jlj 


( 9 - 22 ) 


uJk Lmv^VI JjI jLl f I ^ ~t j <JVjj ^Lt&lll Ll(jL^ I 


Ciyu (-• jU jljj-u uk >H*J . degree of disorder ^ ILJI ^ «a > yl ^Li. 

Oljjj^ 4 j£^ J 2 j idl < 1^1 Jj Cii(£ Ljlj^ <iUa <1* (Jjji liili i <«Mi 

. ^ILlil L m 4 v Lj| jji (jAii dli olltj^il * jji Ujj Ji3 

JiLuJI L j^j lil jjl tf] i *jUu ^ lfi-» Jil JjLu CiLjjj^ <jl 
SjULI Uuolil j j!Lt j* Vill <-^jJ JlLuJI Ujji I jlj . JiLJI jI^j Ljt t Jul jj* Jil (jjSS 

LfcK ^UouJI ji <ajJ jAillu Ijlf) < I f~»(j j m> <JL^ ^ I ( u Jil 4 i IiaII 

L^I.aj jSLuu i a. (jitaJLI j> ioll La. Jj ^J| J.d-w -a < ijlj^JI Lb>jJ Ci«o >^’tl 

La.jj ji i.ujjuil ^Vu <1L» jjJ] J>rt *> tdljju < ^UaJI olSj^J I 


: Nernest theory »jl>ail L>1»L i«ull ^lV t.i>> iillj ^ 

« (jiicJJ ji^All <s.jJ ^IjJ Ijj ^Uii tfjlj^JI Jj‘ ^>»l l » 


YoV 



: SjIJj AiUall 

( Principle of degradation of energy ) 


(jl (jl jj ioill ( ji jaaall ^iUu; <u«lliuVI ajjji 4il l*t**>u| till 



Qi - Q 2 

Q, 



(9-23) 


jjjSla t jjLU I j t mil T j (l^LakjJI jjjLl <1| Jj i Iiil UifLal IjLi 

iK jjl < jimll 1 1 ill mail A Hill aJtaJI 4_>a^ (jt Su i T 2 = 0 

jjJ 1 Jam Ju£ jl Ct^l| mil il jj ml I CjjljjJl <JVI I^IulL«I ^Jl Q j K tX 


. I u&ljll <^jLata <tVI 5^ Li^ ‘ 

killxA jjl .VAii <3aLaaJI iajljJI CiW I jajl£ |Ja-a jJjaJaa Jxcj £jl^l Lai 

tjjj a^iill LiliaJ I ftia Jla . ^aa liHSklLxV l£ <jjlj^JI <ilLJ I <> ^uu Ifumt ■**■•*» jjlma 

Jxa j a im^ j . a# li£ll Qiiii'i jJLill jl jjl U$J . 4 jl a *1) <JV I a# L&SI jja (JaIiTi <all aJalj 

.Irreversible «axu&ul>UI Ljl <1VL <aU*JI UVI ala 


'• fjJk <JVI a JJk a# li£ jj j£a X ^jJk 4 a*ilj)l <IV I a 43 ail I SjljaJI < x a £ jjl L yajkj 

Qi - Q 2 - x 


"H( irreversible ) 


Q, 


: jjjSu dll j jjiej X iaai ^lt v-ifjl! <JVI a#(i£ jjl {J lc. Jju I3 j^j 

Qi Q2 


T - T 

1 1 1 2 


Q, 


: u* C$* 


Qi 


T T 
1 , 1 2 


< 0 




ToA 



> 0 


^2 Ql 
T 2 ' Tj 

( S 2 - S, ) > 0 dS > 0 (9-24) 

< ftUouil L m | j £yk Lul J Jjjj »U J Af 3ji Jj i iti*i jjl ■ ■•* «lll j 

oWI fct.a tjl l i t l f 1 31 «il)j ( jJtj . <_ki Jaju ^jJI ftUalll ^ (3-* Jbjj 

niAtll Lub lUji ( | Li jAI jl^uuli lilijJ « <ujul^t 1 1 V oVl jjji Jjjill ^ 

l^kdkLujll ^LUI t jjjLUI fjtxi <jl ijle. LLl^I cUj j-^3di LliUkL.i ■* 

« J\ trU^ 1 tr* J *UD ii V J diP » 

(j^ 4 j (Jju ^jllxii il I g l (jl La >< ^jlli j * j*\j 

| OuJI cul£ U^j . ^jlx Jtni jic JiiluJIL IfjLilJj < (^aiLJI j 1 I 

jjl irtl 1 5j l_>-^ *LajJ jl jali.iL dJjJ < i>|jia>A obuu 1 1 fjj |jl^ l «| > jjL^tD 

jjLaII oIajJ uji*ia» tdljfj < ciil j i"> »ntt SjI^a Lkjj jlj »*i i«L jljj! I tin 

ft Unit I !jk ( _ r x^jdtll <t»i jJ JiAi L*jlc <tLfill yk ^jLuuW { Jta^ < I 4 irf» «j £y* oil (j 

Jirtji « Lf^jj (j l£ 1 4 1 4 <J| <L*I Jji ill 0 £aj < 3 ! < (J-Alit 3 jL{J 

jLill (dl^j ^.‘*‘‘^1 *i1a yJ| Hiii 11 lj . ^JaaVI ijyLJI <11^ yJj — ^1 — 4 ’ll 1 1 3 j^II 

liLau x2 lj£ VJj < <3yAuII jjx. jl* <jLil^JI # jj JVitl mV I (3^*1 

. <jj£ll 

: (1-^) JH* 

jjLmJI «L*jJ (ji JLilaJI i> X^(j f Ij^ J>»Jj Luj^VI Uajl 

{a / jilau 80 3jmt£ll SjljaJI .ft 100 {£5^ 

5 540 

: JaJI 

r<^ 



S, = 


lii Lyj^yi ^ Jjiill : 'Vjl 

= i. = JL = 0.293 

T T 273 

Sjlj». fjL dT jlaiAJ oil I ^ Sjlja. J tr^5 : 

dQ = m c dT 

; j-» lifl Ujd^V* tr* aAjJ 

. c dQ dT 

dS = -j- = m c — 

f ^UljL Lmx^VI jLajVj 

: ^JL 


s 




If 

/ 1°° c dT 

I • m C ~T~ 

Jo c 


m c 


In 


373 

273 


S 0 = 0.312 cal / K 

4 

: jJk 

S 3 = -^- = y= -^j = 1.448 cal K 

, jjt i^~ill I 5jl_^aJI jjJI L Atifr 

: J- 4 fe* 1 J u* u£i> 

Sj + S 2 + S 3 = 2.053 cal / K. 



: First energy equation : 43Uall — 

QjoS die V <<**^*h ("■* fUiif U <aiakfdll <iLLJ I jjju Jaijj dLeuV 

^ (j* tP] cf^y* f l^ u* jl ^ >aI I Jf*2 J\ ^jJU <T Ojljik 

,dS < dQ » jI^aJ 1 

JujI^JI li^LuJI JL,VI < ; t >ili]l 

dQ = dU + PdV (9-25) 

jjJull (jj^j lltlS ^*11 .Uitfc 1 4i u < dT jIjuLm SjIjjJI SjLjlL cjjjJu Ijli 

jd ULIJI <iUJ) ^ dlldJ u^LJI 


dU -( * ) 

9T , 


dT 


jLV I Ojtu d2 Jo-aliill jj| ( jJc Jdi ( 9 ) JiAliil) <Olej 
dldjl Id] JSJLLu . Ja ml V j—» _>JI 4 jL Jjlj I * ^ ^-> *JI lid j-dj < <ldL«XI fjk 

(j<& ± T SjljaJI <3fcjd OjlVt dV jldlAJ |i-^*»ll 

dU = ( |5- ) dV 

d V t 

j- •<■ --I I {ja J£ jj • "j l 4,tic. ^LU'tll dolaJdil UlU I jjj J»«l£JI j-laIII <jLj_!£ a jj 


dU = 


If L - + (If L - 


(9-26) 

-.j^iccUoai (9-25) <]dl«ll (ji 


If L dT + 


a u 


a v 


+ p 


dV 


dQ = 

dV = 0 — c£ I — ^ ^ cu t . S i dQ S j l_>^ jk LU' J I (j-lac i I j 

: a£ ; 

(9-27) 


dQ = c dT = ( 


a u 


_ ) dT 

a t v 


n\ 



JbVl (jjjlill c*l*JI 3jJL*li2ll <UjLaXI ^Jc J ■ ^ ■ (9-27) <UjLaXI yk 

T i ,1 V Luk <JUI oIjmI* (jj£u 1 •.Ate. <L»jl v >aJI Kj>i‘ijjJI ^jk 

Id U 


dQ = C v dT + 


9 V 


+ P 


dV 


(9-28) 


.T Sjlj&il f i <ii‘> ^ILllI ft iVI lJjju (^oll ^i^ll jc jjtfTtH) 


dS = 


dQ _ r dT 


i / au 


dV 


dS = 


T \ 3V / T TJ”’ (9-29) 

SjljaJI <UVjj jjjjj U ol iV I jLjc(^3 

as \ 


(w)v dT + (iv) T dV (9-30) 

: ol (9-29) ,(9-30) UXI lijli- <>J 


P 

T 


/ 0 S \ _ c v 

Ut/v T 

( — - ) a i + ( d y ^ 

a v t t ' a v t t (9-31) 

S jIja *Lakjj SjUj Ljjl* L m I jljjj LmIj C v <LujI jji 1*^3 

. Ciaa jk ^Uull 

J i < » jl >sJI «La» jj Cop f a.«JI 4_paJ.il I <t2UoJI ^Ju 31jla_* jL^Yj 

: SjljaJI ^ (9-31) <1 jUJU 

a 2 s 


a vaT 

a 2 s 

aTav 


- 1 f 3C v 

t 1 av 


N _ 1 9 2 U 

t t av 3T 


1 


a u\ 
av J T 


+ 1 


a 2 u 


t aiav 


p j_ 
T 2 + T 


ap \ 

3T v 


(9-32) 


a 2 s 


a 2 s 


avaT 

a 2 u 
avaT 


aTav 

a 2 u 
aTav 


dl£ 





( 9 - 31 ) 

< TV \ = 1{ TY \ - P (9 ' 33) 

JiU I I^j ^ i <iLLil I SjlflJLL <IjLa 1I *1 A k_ijJL4j 


5j(^aJI <La>jJ £»• ini i Al I j,i i*i Jj»a ^Li j^ia < <.jU I .ill <L*liaJI 



j4*> <V ^ ~ U ^ A <=0*J fr» fr* j^i j^C ^ Lf* 

* ji T <a>j4j P Ui i All (jgu HjOLaH (jl it \ i ( A — \ Jjui J JjLm 

cl v 


: ul (9 - 33 ) * (9 - 31 ) CjuIjUH l*j 


d S 


3 V 


) 

T 


a 


a 


) 

V 


nr 



SjLjj jljjj (”3 y” ^"3T~ \ $ 

. ftjljaJI <a>jJ Ciyu jifc f >^ 1 

C&LU1 3 ji.jwl i HI <JjLx1I j* J^i (9-29), (9-33) c*3la LUI c** 

. ijlj^JI <jkj4j ^ivaJI ^-ft <1LJI oIjjaL* (jjSa L*oic < I K_f (aj.J I ^ ^CJI 

dV (9-34) 


a p 


dS " Cv 'T + \ 3T /v 


. LLub. l^uLi jlu oIj-uua <IVjj * ^ Halt I jJu <Uj(aII ».x* 

: Second energg equation l&UaU Jbult ' j \ 

<£* l »■*»<* U« fcAll ^1U> II <^1*.IJI UIL1I j j i~t jjx <IjL*JH * jji ^tx‘i 
jJiL ft i <Laij^j U« iJVll fjJk <JUI cJjjftlft lift jilu . <lilj Ojljx 

. l^JVjj^AxIlf Llm jjji U <fti^ljJI UUaJK <IU1I Jlftj 

(9-35) 


dU " 4^ T dP + <f> P dT 


dV - ( lr > t dP + ( lK dT 

dS = (||.)dP + (§) p dT 


(9-36) 

(9-37) 


rLjl^JI (9-36) * (9-35) 


dS = ydU + jp dV 


dS = i 
T 


( f ) T dP+ ( f l dT 


P 

+ T 


( f> T dP + <lr>, dT 


.*. dS = 


t ^ ap t t apj 


dP + 


l,au, hp ,p A 

T ( 3T p dP T 3T 


pj 


dT (9-38) 


• J« n-ft‘ i cj^l»UJII ftljl n ift j j (9-38) ,(9-37) <ijULftjj 

r as i a u p av . 
a? t t K ap t + t 3p t 


ru 



a 2 s a 2 s 


<&>,- •*<#> 


ap aT aT ap 

SjjmoJI l jic. ULLli <Lu(jJI <IjUU J •-«>*•* 

(9-39) 


C^yu ole. Mini io f>l In ’>11 U MxLxljJI <L2lLJI ja»I Jj4-a <JjIa1I * JJk ^ 

JxLa-^j f Ot ini, j^nll C+y^ .lie. ^ a % *kl I Via ill JxUua ^Ixi (jjjjia ^43 * kjlj^ll 

Kj Sjljak <a»jj C43JJ jit ftlinill Lla ■ A* I 


i ,av , 

“ = V ( lT >, 


= --(— ) 
V l 3P i 


y/b JjjjAtfSU CjVjU-m— ^ \ H 

( Maxwell" s relations ) 

Cilj t i ~>I I <£jl yA ij **_> al uJ jjljll <JLa> ^ ftllil \ kJbjJLll 5 jlfc I mi 

* jl jjJI <aj 4 j^x-J 1 j Li-AJl JL. Functions of state <JLJI Jljj l*xic jULi^HI 
vji^ju <Lu»jki Lfl J(ja ^jjl Jl>ill *1* ^1] yi\ v i t Ljj^uVIj 

^AJull 1 1 M tin’JL <JlsJI JljjJ jji.il I CiVjAa olm'fc LI jinn Lfj| la£ t ^Uaiil «Ulaa 

. JxaJU SjJuLa Mljmj Ifi V ^^lll Ctljailll dll *Lbalxj 

: Intrinsic energy U f Uaiil j\ ASUoll : Vj! 

MjjI jxJI K.^l*. t til JjVl ^i^jlill jJjxxuiL 3iUn]l A jjk 
dU =' dQ - PdV 

= T dS - P dV 

j_iJu Jj-A-a tdljyj < d V ~ 0 j _»i ~JI l *h ^j LlL ^llilll ^ />LS 13 1 a 

• tfl 4 JjljxJI L^Luaa 3 xmiJL MjIxIjJI 32 Uni I 



<4t> = T 

dljj ftUiiil {J ic jJu Ijj 

:jji Uy^ vi ole ^aJI ^IaIjII <UUaII j4a! Jjjl* cDojj < dS — 0 


dU \ 

av) s 


= -p 


Sjlj^JI U.JJI V-JL ^utill <JjU 1 |j . ^aII Uilli JjV I UjULI U^UUii 

.ijjdidttJI jjJa JLjjduu&U uljVl 3ijl*il Jdu*Al i U^ljjLuAjj 


<£>, -<4J>, 


(9-40) 


: Free energy (F)j3]jaU 3Jh jl SjaII JSUaJI : I^jU 

: <IjUIU F ttJLII j] *jjJI <2lLJI J i j* 

F = U - TS ( 9 . 41 ) 

: jjJc J^AOkl <UjU 1I ^li 

dF = dU - T dS - S dT 

= TdS - PdV - TdS - S dT 

dF = - S dT - P dV 

<Lll£ dl j < V ^avI(j T S jl jaJI ^Akjj L»j> jl(j| •!* 31lq ol jjj “>> jl 

: SjjaaII fjifi. dF 

dF = (§£) ax + ( |I ) t d v 

: ( jie JiaVi ^IlLJI yuJaUIl l ji i|jLn«jj 

, 5 F x „ , dF s n 


#. - - s 


<W> T • -■> 


• I *|\)^ J ‘ ' f t~*~ >l»tl 31 ..1.1 1 - jj 

<n> T ■ <n>. 


(9-42) 



: Heat content (H) ji 

: iJjLdLH 

H = U + PV ( 9 - 43 ) 

; 1 | , <JLJf JljJ j4 l^j| jJ JJAull jilMi jJc <lljJI tii l_i)|jyuVj 

dH = TdS - PdV + PdV + VdP 
= T dS + V dP 

Luy^IjV I Li (jJliVI <11! J oljfal* <j1 (^1 

dH ■ ( H > P dS + <lr ) , dP 


i Jm> i quAiLJI qulaUIl { jM oSLIaII S (jLij^ 

= V 


(— ) = T 

' a s p 


(UL) 

l ap'i 


iJiAffct 1 •.j’iltlhoAjt LtL bU Ht*u‘JL<a‘tl\lli < Li i^HLoLlL <li^>( >,«jj 

. Ji^aCHill^jLlI Jc 
( 9 - 44 ) 


(ii) 

l 3p's 


(IV) 
^3 S p 


: Gibb's function (G) 3 Jb j\ 

3 ljLILG ulji u 

G = U - TS + PV ( 9 - 45 ) 

jLdi ^Jc tfl . ftll i jli-ALijjfLUilJ ilLJI JljJ £y* LajI 3 Jijll 

: ^Jc Jia%'i illj . < 1 * 1 J\ <liL ^^lllllL Jnii ^III oljLill 

dG = dU - T dS - S dT + P dV + V dP 
= - S dT + V dP 

t lj rkll jL am L$j 4 Sjl^aJI ki.i All La li* ijjfej 

S n»oll <_u 3 k 3 l!jJ <Luj»il SuLALiutt c^LLlI 


nv 



V 


(— ) 


<4r\ 




Jrti I All <i— ilL CudJIj < Sjlj«kJI <Latjjl <iiitilli <ijL*JLI <iiAlA*jJ 


s. 


( 


a s 


ap 

i ■" ^j**n j ;j t>n C£y*^ G 


) 


H 


(9-46) 

U <JLJI Jljj (jl ($ >j jxbu Imj 


lujj ^jlll oUbUJI dkjju l*ijj i Lul+ilJ ^lj « j_» * "H »l£1 ^ (Jail I 

(jljj I <JLa. ji LaJuc « .laJjll ^ Haul I iJ^lj 1 1 i^ih cJjjalll 
, viil j jjc jt jl LlLjji (jlil + [yui ^Uaj (g\ { jlc <JJj j 

: (Latent heat equations ) A4 — \ Y 

<JLk { jJk JSLJIj LiljjJa jl | ioW I ^ i jIk* »jL* (jl IjjS I >jjf 


( ^ — ^ ) J&Ul jji L*£ PV ^jlc. *1UI jjju JLudU (jijjl 

,i|j|uJI <^Lall <IU ji J[plll <kj4 CD & AB Jit LiuVl «l}akVl Jlu tiuk 


i^Jl ^ 



HA 



<JL». JjLm T - dT < T 5j .lift • SjULI ^y* X j **> *\j ■ oWI 

Jit Sjl^aJI ^a>jj (*i « 5u L »ji g X' Y x & XY (jLlLkjl^uuVl ^jl y»\l) SjULI 
{J kh. <UJ I joe SjUI JiL uj^<) < U« «**)! jjjLl ^jjieJI I ^2» <_^».j_aJI <L^>jjil 

• ^ilill L ij^ li ^ji\ o|j oi B 4 Li* ill jifi SjULI jjii I »'“> < JjVl Uj^L 

T - <A>jjll Sj^j P ji T <a»jjll jic Ljl jjk (jjjjJaJI jjljSl <JL* jji L» « i All CuJ jjl 
.^V^bV lj^(^lSx^^)^l r ^JIjb‘ P -dP^ dT 

■f-?*/ j** - L» yji Jb^LU <l*l£ll Sj^aJI i V 2 cr jlil I 
JjJLlj SjL* tjLlcL < ^IjaII I«ia jJc ■**■ b j * S iij li«. i I llj| jAjii 

. ABCD SjjJI iJ lc. Jiaa'u jjjl^ Sjjj 

JUJI *? ~kl HU tf j l tojS jj jll * JJI J^La plj j > “ill £ilj^V Jbi-ill ^IVI Ji <tJI 

.ABCD 

« AB ^Lajlb^uVl "J I JiLi. ( f^l) *jUI 1 < 1 ■ «*" ■« I ^1 Sjl^jJI <L»^ 

. Jba^ll lj>fl L <l«(£ll SjljaJI (^jLuuj ^IjII J^kll JbVl {y* U«Lu Jb^~ 

. (^jb^JI jjiiit I j« Q| iuutil UliJI SjljaJI tJA (jjlua 
<La»jull >i>fc^ — CD j!b— eVl ^ BC ^LLjVI j^ull Jb>L^ SjjjII ^ L*j| ait 

l^uljj <Jnlj ^1 SjUL S^ydl — ^IjLjI jjJu — DA jji.V I j4«lll ^5 - ( T - dT ) 
Jil.ilill . (^jlj-aJI Jj S ~i m a 11 Q 2 Sj lj_aJI £y* X, *.■*.£ lu-Ul J_A i*i i A 

. S j j JI ^ I m « j Lu dW — Q, - Q 2 

^•vlmtl tJA uLua (j^«j ( ^ ~ ^ ) (A) 

dW = dP ( V 2 - V, ) 

Ijm j^b 

Ql " ^2 _ ^1 ' ^2 

Qi = T t 

dW dT 

Q T 

YM 



dT 

T 


dP (V 2 - V, ) 

L 

: <j 1 

dP L 

dT T(V 2 - V, ) (9-47) 

ijl ^aJJ ^Vl (Clapyron - Clausius ) - Cxx>i^ <LUll a 1a uLhmj 

iLii ijLj Lulj ui < mj S jlil L»i »rtll ijlij jl ^i<> *ij 31 jl oi l d)4 ><Lul^ll 
(^1 ua^4 JJaj Jala-a Sjlail UUa — ^1 ~ V j jj£l V 2 Cii(£ Lilia t lijl | <o'il 

. SjIjaJL 1 *> •> jljjS 

i Jj -fcljj j| <4»tj laJac. Jia ,uL>U (jl JaJ JuLaJI Jaa a jla <i L^. ( ji Lai 

JLijI^ll In a I All ajLj jjfe Jjjjj LalLaa ( V 2 - Vj ) (jj&a *dl J « # La 
Ju mjj fj^LSa <aJ»jJa c>i* a £jj ciLu ^ Inij i.i vmJI lj^(i « »jl | « nil La>jJ jal \u 
< Jbjll ja 3 alii (jrCSLwJI ^ IraSj 1 glalf ill I mil IdA ^laL < giall ja yl ^ic ijllmll 

pi iiu < ^ llja lii ij» 6 ai 3_a_l(j ( jj ^S Sj ml i a itILall Crtl iaAall jl ^A villj jj m 

j-LhoJI 3 ajJ jt J-ai^JI jl, | mil <la 2 i (jalVil dial . i‘llmll ^Jljia JUSVl 

gutll j | irfi'ij dial < jXaaJI ijJk giill £jl aj lj_ii 3*jJ CtiL£ II 3 • iaSill *■! A Jac. ^^ all 

J£i JalaJI qlCJI J}UL I'llmll jaj idijjj < < *‘-* jlfiaiVI ILii (jal >^*ll illLJIciaJ 

. <bf«i 

feiiiil SjtpJ] tpUM iijUuii-ir/* 

(Second latent heat equation) 

ijIjA <ajJ jit la a » All jaala laj tlf I 1 <aal£II ijlj^U J 3 VI Ujlall LJUa Jac. 

iji Lai . Sjlj^JI LjJ ^lc >UuiiV 3ajla 3lal£IJ ajlj^ll ji l\j “** fj < i_|j ^-~M 
CrUjIj^JI 3JVja 1 2jl <a ^aJI <ajj £a <aa(£ll SjIjjJI j_Ju 1 *> 1 1 1 LiLill UjLall 

. J^aall JKjjJJ ajlll ££j l }1a! iglu^all 

ajlll <j^a J^lj f IjaJ (£jA| <1L* jjil L id a 311 a ^a IjaAa <j1 (_)a jAi 


xv. 



T ij l^at <ajJ jk ^ / jiui Li ij l^at JjajI I tillj 

•■ >* Wij^V^tr 4 j^ 1 
dS = -fi = -t- = s 2 - S, 

T T 2 1 

. olu jlll ijlc. (jjliJIj JjVl jjLl) <_£jl jaJI jj*a21I (IajS IaA S 2 , S j 
: J^Afki ijljaJI LidhiiKj <2iLJI <UjlaJU 


dS 2 

~w 


dSj 

~dT~ 


d S ; 
dT 


d S, 


J_ 

T 


dL 

dT 


dL 

dT 


L 

T 2 


L 

T 


dT 

dQ = T dS 

JjVljjLU Cj LcjjJI Sji>JI 


(9-48) 


_ ,dQ 


! > - ( w\ - T 


dS, 

“dT 


^ISIIjjLU c 2 


c 2 = T 


dS 2 

"dT 


: ^ (9-48) ^ 


C, = 


dL 

dT 


L_ 

T 


(9-49) 

• <Lili]l i — (jujiOll Ujbuj 3ijUll * JJk iJjiu 


Uk • ji!ij ^mui 1 jlji 


: («-*) JO. 

j Li* i All SjLjJ ?> hi »UI jUfi 4 lui i Jibuti tka^l 

3i*l£ll . Tp+M 1674 * jjJ 1 ~h (Ji.itu jL^j ^11 Jj a>*u 1 •>> *tf »L» 1 JjU 

$ Mi / j/um 540 = jjttrtlit 


W\ 



: J *11 

: < 1 . 1111 5 jl >Ji ^Vl «> 

dP L 

dT T ( V 2 - Vj ) 

ujiAi tiUJ « ^ Ctlal^j ( *>jlu j| <|jHI I iiC ill jtljjj 

: lyillll ^ Jj^Vl utjJJI 

•J*** / dy? 1 4.2 

Y^u/^lj 980 x 13.6 xl =ULwlil ^ jjJull 
( 1674-1 ) = <a^ ^ jfiill 

1673 = 


dT = 


: ji dT (jUliJI <LL jjUJI 

1 x 13.6 x 980 x 373 x 1673 


540 x 4.2 x 10 7 


= 0.36 K 


:0-M JO, 

f 100 <a.jJ Lcjill jj*b Ldc « 1 jil tll SjljaJI Ja^jl 

ub * / J-*-*-* 1 539 ^ jl 1 J1 <1*1111 Ij I ^ 1.01 ^ 

5 0.604 — jJu 


: <1.(111 SjljaJl Lilill <1 jUJLI La r olluu 


c 2 - c, 


10.1 = 


0.604 


c, = - 1.12 cal /gm/1* C 


W 



: (V- JO. 

<Lul JojV I jjJj jjji Ojlc ‘ U SjL 3 JIa jjic. oljfij <4^lj ■•■* f 

(jj^u « i > ■« ^ jj-illl < LIUj^umI jjjliJIj ULLji Jj Vl ^aIII jjli Ijli 

jjliTijJ (jrU cmj IfjU Ltlf. » 5# US . Sjlj^JI <La>j^j Lju^IjVI CLjl.LaJ 

$ f 123* - • f 27° SjljJI 
: J *11 

<Iilj Uj^VI Cui JJau ^jLLjVI jiAllI <JL* 

dS = 0 , S = const. 

4 SjIjjJ I <a.jj .>»-• tfjljj AB Lai JSLdi TS V * jji ^illl >fiaj kdlojj 

( \ • — ^ ) (jSLui. r i t ji L£ — jjjLJI SjljaJI <Ljj cu!u UL njl jJull Liiifj 



? . >t I SjljaJI 


. <JjljJI yj^iii ^ ijAj * ^LiU (jjloMi yJVI (JiuiJI (j£l 



dS jJull Sjlj^JI 


Q = T, ( S, - S 2 ) 


: <JVI S»U£1I 


dW 


150 


2x300 

25% 


T - T 

1 1 j_ 

2 T, 


x 100 



Laic o-ii u* jUu ^j f 100 <akjJ ^ * Ul ^y / j^lm 540 fjL - \ 

i jle. <..> li il l ^ ^XxLuu <-ilLJ I t jjk ^y» . £y*j 76 (^« ^ll JajLuaJI <jj£j 

yi »UI jUJ y^ill f> -J) jli LaJft ? jILaII ^1 l.tAJU l^l* (Jf » aJ I JaLaII 

1671 >* f 100° 

( J = 4.2 J / cal .) ^ / X^u, 

<-aijj jji i.ii£.,> » L* jji ^jLJI ^ 181 OjIja IjLatj ^ <11 — Y 

$ «LJVI *»U£1I Oa^jl . fk 100 

<cU3ji it a< trfijl L*lja^L^ 80 (jj4 J-Sk^J <2lL& Ijfcj uj ij i ^kj^UI jujtRj^ l _ r AL* ~ V 

. ( ^ / jmjm 600 lUjll *LjIjaJI *L»aa 1I j ^jl«100 
§ Ij]l» 50 l+I^L*. ale. J^LJu *Lm SjIj^ 3a.jj u* ^UjjVI L* — i 

0.237 < 0.158 ulujaJI y< cuIj Li < a ca^ culi om jlil <L^JI SjI^aJI — o 

(jU L*k igJaidl ,jk jLill 11 a ija f IjaJI JLa^jl . ?a»ja / 

$ j*+*/ Jl>^4.2 ijlj^ll 1 

LjIjLVI SjIj^JI <a>jj c>il^ 1 al • <j! ji‘im*ii ^ * ■— *\j Liii ja.hu 1««L«j — *\ 

<1*1^11 ijlj^Jlj 0.05 l|2j^> a (Jf k 475 m il <a. j«Q f 25° iw*L-ojll 

( _^J <a«LajII Ifu jj ml (jl uaj <Cjui Jil yil« . ^ai / jiuu 51.5 Ljl f <aW 

$ JjlaJI £a LfAjLukI JLAC 1| IaCLj j| iaTi 

lji«j 11 » *j I - ' * *• t jllijj jL <laL*Jt ^iAaj jlx. JjXaII (Ja-uJI xa^i “ V 

5 V 2 J\ V 1 <> jW V- 12 ^ 1 

JLi^A^ll I jj oljj 6 ^ylj jU (j» jjl 1.5 jxu alt Jjlxll Ji-JLlI xa^jl — A 

: 3*0 76 <1 (jiljliVI 



4 IrJt I A aic jlfc jjx *<sj^ 1 CT^ (Jiuill (jl CujI — ^ 

* w = RT In v,/v 2 :j m V 2 
<JjljL*i] lli^) SjIjaJI <Uji^iuLu»}l ^Uij) U *^lA.l.dl <jLL ]1 j 4 U — \ • 

U = AT + BP 


(X^ I JJaIII Jxlxa jjl ^Jc IjU . cJjS B & A i£ja 


K — <UaLxlL K Jal « kViVI CX — *^7 <ljl_>J.L ^ l n , « j 


? cuC o~fc~t Sjl^^JI 

^>Gi^(xlLi jjLJaju L» Sail (3 <B fAah£kll aa-«Ill K Jat*<A*iV( JxIa* jjl ^Jc laj — N N 

3 (*T 2 


K = V 


8c 


a = 


K = -z- + -tt & a = 


a_ 

V 


9 aUllJUaU-a*,! 

:<l jW JULJUlaU* o^jl-NX 
n R 


( 


da. .d k 
5 P t + 3T 


PV 

= 0 : <ji CuSl -\x 


,>_jLUjIll (J Jc SjL« 1I ial« iAW lj ^it-^-Jl jjxlll 3 L<Ll« Lxa K & (X £ijti 


Sail <JLJI <lal** Ji ^ laj -\ i 
V = V 0 - aP + bT 

: <|jljL*il SjIjaJI Jox^aJI j^ui <x 1 ^IjJI 

U = dT - b P T 

ojIjj V q , d , b , a itij-b 

$ C v & Cp l£jjI>*JI O^jI - N 

9 5 a Li) ( ^ISWI ) (£jl all oa^jl — X 

: Lf Ji jlc {ja MxlaJall <SUatl — N o 



u 


= R [ ( a - T ) - a In ( a - T )] 

$ 7 ^ t i uVl Ij c v & Cp j^jI . cuIj a 

: <1jIaIL ^15 jlx. ^ ^l^aJ <jlL^IjJI <2LLJI — \*\ 
U = U 0 + aT + bT 2 

. cm|j^ b & a ■**“*>* 


S SjljaJI <+j4j jLiJI Utl^i ~ ^ 

9 SjljaJI ^■■'^.^1 1 CLula^l jlum jjJc jjjLiLjV I jxftlll <Jjlju» J^jI — T 
Ijj < ^ ~i» i lj^ I jUlll Ltjlc. Sjlj^JI Cahjj i jk jjJull L» — V 

$ 7 = 1*33 i ^ 15 ^IjLVI ijl^JI 4+jj oil£ 

: ^Jk <jJLak <Jj(jca Cul£ Ijj <ol^ljJI <lilla jlc. L*JH>2jj .la^j I — NV 

PV = RT ( 1 + A ) 

i culj jl jjL* a *‘ - j~ 

L« - am i* !*.#■ ^lt >L tVl u ^ ~ll (^u i t Mi'it I j)i c*jjI —\A 

C+aJ Ctcjail ijlj^JI <j)U i i iii ' ill ijJk 7 itaa. « [ 7 / ( 7 " ^ )] 

5 CjJ iu Culj ln»i<f> 

a 2 p 


( 


3 c v 

av 


) = T ( 


aT 2 


) :J r Ula]-^^ 


: ,jl ojjTi i 


C P ‘ C V 


= T (|^-) 
a t v 


4 t> 

a T p 




j tjl 1 _ t c j aJI LaA C y & 


C P > 




fj Cij ^11 

Sound and Optics 


Y\^ 




iSjaJI 

( Wave motion and Sound ) 

Vjl > <n j t i j 7^ 1 <_byljdJ pj^aJI I jjk ^ |j_jj 

• m Uju i i II OilljJI jc. ulill jl »j£j Jju* Lie Ija^t 

uJjLiiaI j,Uai I >*ij f» < <U itL»ll ^Jfcl^JaJI (jx ^ <KjaJI 

£r(j-*Vf »>1A . J}La» jLi t i Vt l <1* I mi'u i ^jLt jl JjLui jl i_i!ia U<hj yi 
£ lj-*Vl (jx- t j Mi j tj LaU, A I > tfi^l Ij4 JiLi Ja^(j (jA LfJ JjV — ££| — 4 » 

^idul ijlx. . #j-A 1L li* *jy jjj I | »** ^ - ■■ ^jlll < 

t*b (>**>* co*^ll ui V 4- ** 4 3 /\ i< KjU ^IjaVI »jj <L3 >*aJI £ l>*Vl 

. l^eLui fjj V I ^jli*nJ # |^JI ji i&lj* jjV I 

Ajhj.u^l 1 & jal I — \/S' 

( Simple harmonic motion ) 

{ jlc. ^ in -^11 J axjj < »j(ju(j ^ K »ti j_JLL Sj_L ( jijA fxty (jJx > 4 ^ L* jlc 

i^iJI ^tiiij < <Je. I ^jIaII Sjjfcll Cui^Lu Jji jjj'Cu CuIjujVI 4jJLa ,jJJi4jjJI 
L^ljVI £• ^jill » i* y— Ls <^>11 y v4>a L*-hj . restoring force (F) i jl Jl 

F = - k x (10-1) 

. *b~i Jill <— < ijJLJI CuLj jji i <ti jlj-L. k itu^ 

. I *L^jI ju^t. 5jIJI <L>iJI ftLakjl (jl j^lc Jjj 11a <o 1 Lia 1 I * jLiaV ( j 

fa «L uJJla <aojJu fjjii JUc j| t <iljjl £y* JUc <-11 m idloi 

<JLaIjj jl u^jjyijtl <*II<<JI SjI jll Mill <■_.> 1 1 <>Ti i l^jl 


u\ 





£uak k $j2ll Cul5 Quaj <£jakil 

k - 4 7t 2 f 2 m = ^ K . . m (10-4) 

T 2 

SkC- Sjl^JLI $jlll < 4 ^ti ( jlc. ( J *fc I t < 1 oaJ \ Juc X <A,ljVI *>*] I Culi 

*illa (j-lfij • <^ljVI *LajI fjt &e . ijk L*jla (jj£u «>2ll »L^il (jl <Ja^Jll iilil 

4 L f (jjjj 4 1 1 ii it I Lulj l|j > ^lll <2kjall Ipb < 4 Lj ■ .■»!! )j* 1 1 3£>^f oLjju 

, ULu^j tuli Ijlol* Ifl^ljl ^il &>*]( 

: ( angle of phase ) 

<IjL 1 L uJau <L jjj allia jjl fjAjii 

x j = a cos cot 

ojjj dlli fji . uuS)ul( ^jJc ^jljll <i.uJ I *L < ci.u Lti CO , a iju> 

J>*^j >» £jvu* >j J_«j diJ-aj LfJ <-aJjj u <^i | , JJ>ll|j<a i«Jl fju ii Lfi <£>J 

<jjloll (jl j I >.<uj <LjjjJI jjl jjjic JUu . JjVl LLa!! 

: Sjj*aII jjJL LflljijLA L(2£ >t i ftlVTi 

x 2 = a cos ( cot + <() ) (10-5) 

<J) . 6 

(>•>11 T *iua* T : I — >* > tl.Tt-l fl » jj£±)’ jjJJI «Ljjl> <|> 

2 k co 

liLjj . SjjJ — > uiliill >j j JL>1“ ‘ 

j>UI uj£i . ( Y — \ • ) J£du uk Jajaill <>jll £■* I 

Ll < JaIj J^L ji Cjj lljtjjl (j| : Jlij) • al^lj Ct^) (jl ll JlAi 2tt 

< I4J <La>» <^lj| ^^IjVl Ljjjll (jj^j Laic <il Jt j^IaII 3 ^jlj cu(£ la] 

>£(_■_• jjL ^ (^UloJI 6] : aiaie. JLijj . <_JL_^ oJjj LuiLUl >£ 

yat 



. "antiphase " 



j| i JoJ_aJU Ja_u^ll <kUu (jjjjls JjC y 1ft* J <jl_i jtui ^1 1 •i.itf. 


J villa jJlfil 1 |*i t it < v-j I jUi^Vl jr l>*l JLv^ll j niVii 

. <SLljj^ j| <jljj 5j<iJ (JLiSil (jjJ Un(^JI ^^1 jjlj <Jajj ^ 4_L^yk4xl I UUaJI 

aavG <jA*I jj <SkjA^) < JJjllI jni‘ll laxi^II n 1 ^ jiyj f ji ^uutaJI JJjJ I jLi 

(^“tlnli ^1 ^ a i n’jj ( V — \ * J JS> mi T 1 (j£alL£ 

i-U-~v *tL^(^}l <-uloJl ijM <i| (f \ • A, 4-a^ll Jjla UlLajlj IjljJL* "L£j^II i .1 JjljjSa 
> Jnu*(jJ I <a^yll J till I 4c . jaw uJk AJJ^j « f X 4iluv* 4c^jll (JtlVi CtlaJjJ f 

v = fX (10-6) 

oLa^ cGl£l * lj_ui < a- a^Il CiL^j-aJ I <JbUll AJJI j-ilii'ij 

< CiLa^jll 6 ja In i <(jJl CiLljj^ jjUjj <-a^_a jjAjO&l oliVt) Ijjj 

a jjt (J^ ^jlx. jV.v if wave form ( ^^lt itl I J£ djxljj 



• e l».vi 


tr* ‘ olaj-^j <i|>Ia CjU<j_* : tjUji O^uaII CjU^LIj 

■ jLlLuVI iIajI j< 4 lr*j i hi iiiilj] ^5kjat I\»i^II I *j I ■ * i *» I . .»...> I 

tlaul ,jJa (£j(yMC- *1 ■>*il Ja«w(jJ I olJu^k Lflc ■ “■ * <xaja!LuJJ oLa^jJJ L*| 

^|>«VL iJjjuL* 4j.Ia^ jxc. Jauu(j g\ (ji LaAjLu.uI Joe. (^u^ltl • jl »<iViVI 

. Progressive <lajuI 1 I 


UjluiSil ^So3l£^j £|>«V1 — i / > * 

( Propagation of sound ) 

CjLSjjuj 1 1 f>i>j < <ojoi (jjiu (jA« 11 ».o »j Jiolt <UjLa Jaij . ' 

, < 4 1 w » jt (^lll till 1 1 till . (i ~N • J jJC *.tl 

A B C D 

•AV v ^W^W^A/^W^W^WVWV^ 

*W~*- 

(i-'O jSS, 

• (jLaVI 1 1 ■ ^]| <ajli CiXtx.1 j^Jcl ^1 A <Joiill UajI (oil 

tUc LuajI 6 Mini ill J4$<J • (.* |Vtt Oti-JI ^jJLlI B <Ia2all ^£. Sj—iL A <JLdLt)l 
1 ». i ‘if j , B (jc C <Liillj A <jc B <JaijJI C <JLijil ^Ja L^j-aJ 

. B <iaijJI JaAj lj£jk *laul A <Lk2ill jjUU 

J^tSJI ^j»4 1 mjj < < <jjUI <LLil)l ,j-* JaaJI 


TAo 



( o — N ♦ ) Jttllll *A4 *Xh’G ^jJI 



xi L+ii L yajji\j t Jo^jJI ,y R JS-i <ijL* <-Lii a i -w'n jLaaVj 

ub x >• O J^VI <L2i j>c R j*j jji ijajijj . <^>ll jjo* Ait R 1 ^1 cukuji 

. y ,yi R ikilll iu-1 jll ^LJjVI 
<JjIaII <Uu iii <Ui£ljj R <tljah jj 

y = a sin cot (10-7) 

jJk 1 4 ^jljl I Jjjul I ^ (0 4 <l^jaJ I 4 i. i 44 j '/ill I OiljV I a diji* 

. R ilijiat tfjil 

.* R T I <a^LI jLtSil ^tjiji jji C ciil^ IjI 

x xT 

1 “ cf ” T" 


cot = 


2jct 2 tcx 


2tcx 

y = a sin 


T X 

: jJl R <LUI l^ljl (jji Jlj^ 


YA*\ 


X 


(10-8) 


x = \x,x,?-x , 

fa fa 


,-.\l K. I y — Q XjjjLuai ( jj u 


X = — , — X , — X. , cul£ UK (y - a) 

jjl I t -Aj a UlII jl c < — tj — uj tr U 1 ->~|V <Jjl ■ U *jjk (ji JaadLy 

. <^3! I £* iJjaJIt CtlfaljfaV Ijjlfa* 

^'ij ^ - “ <IU <a^JLI j^Ij j f t «j (10-8) HjIaII ji ^)ll <c^w 
t (>kj olilil jJ Jl u* j-ii . 0 Jj-aVl <iaij .lie <i’(j 1| « ■ 4 JjaJL \i 

i jJ\ R <jjULI (jl . 0 jic i rft ljil jje. <^jll Xaj C t <iLwfa 


x ' <a^jJLI iJjuJIj 0 ' oL5l.iaJ j£>» x .Ufa^II jjc Uax^j y jji jjJc.1 



{J Jk <a^il £j* 5£^a. 2* jjLaJL < uiiilL 4£jfall <JjU* 

2 K X* 
y = a sin 

A, 

<jjIj jjUJL <jm 1 IL <u^II 3 £jaJI <JjLu 

TAV 


. 2k 

y = a sm — ( x - ct ) 

X 


( 10 - 9 ) 


O I jy*^ ji ftXA j^«jj 


c = X.f,0) = 2jcf,f=~r 


: <jl i $ I 


- , x t . 
y = a sin 27c ( — ) 

X T 


y = a sin 2n ( f.t ) 

X 

• / 2kx \ 
y = a sm ( cot ) 


( 10 - 10 ) 


<£^uJI J>c <JLLuJI <^jll ftLaul f. yk dj >TI 

: ,\uj-fc <Jjl*J.I ^LiiJ ftLauVI (jt&c yk tjV <JLJI 
2 jc 


y = a sin — ( x + ct ) 

X 


( 10 - 11 ) 


Energy of progressive wave : AauJdLll! 3£Ua — o/\' 

<oJLilj!t I ju Jdu djAfi < L* yk < ± ft.ii'i JilYi Lftj_ae. 

• iS^aJI jaj I «J*>t L* ^1 Ln<(jJ I yk <JojLil I <Lcjjui 1 jjSu . 4 Ut < wi 

y\ Ij^j , a (0 yM Iajmu (jjSa (O^jljJI <£.jauIIj a 4^_)aJI 4 juuj C«il£ IjLi 

1 o 

. — m(a co) yA <£>JI j£>* ik. Ifl >Jt oik. jjjil mUOill 
< ^^jxU ^aaJI Ini ‘J olilkll ftJm Jx4 ^ • v‘i <J£]I 3 £ja)I <lUa jIajVj 

. Iru njJI yjk I ftJka^j yk iillo IfjU 4^a^ll <LiLlaJI <iC£ 

Y — in a" Cl)" : ^jLwu <a^*Ji <iUal I <i(i£ 

fa 


TAA 



= Z 2 7t 2 f 2 a 2 m 
= 2 tc" f 2 a 2 Im 
= 2 tc 2 f 2 a 2 . p 


• Zm i jA p « jjjjjl jji f 

OfctVt <£ jaJ I <«m £ij-* £>* L jjia <ka^ll <ilLJI ^jl i^_y all j £y» 

, <£j^JI Uw Ctulu «iifc JJkjlII £*J* £«• LjjJa (_irf4iLH I ■ |j 4 JJjjj I 

* CaJ>I lj l£. <a.LJI Saa^j J>UL <LiLUll Jja* Lfi*u oj^-aII ixuu 


. energy flux <SLLJI l> J^L LiJ ^ , <^1 jLilil 
<il,. »h> Sa^lj <oiti * jut c ^jk Lm^l t jk «_a^jJU <c.^u c*il£ I jj 

C X 1 »jJJ (jj <SUaJI jJk XtSu. <SLLJI grtji Cx^ii * Jji* c Utjai 

Q • ( V — \ • J£um ) < Jau^II 

jj-4 I c^will iiwjl <iLLJI jrtji alljj ,'i i 
I = 2 k 2 p F 2 a 2 . c (10-12) 

F J^ull <iU£ ojljjl UK ci hIjUII <> Ji^Lu 

/ urn! UltAiL* alljj • cmiaII Sxuu oal jjl LK p 
( V - > * ) JSLi C 

t jic. Lxj >in » cu irf>ll fjjSkji Lajxj < ^jl > an iH ^lc (jjVI a j « .» ci I jUaj co*^ 




^u£al! 

( Inverse square law ) 

(jiui « Ij.lirfl • (jAjftj J.lm * jLaul C<J 1^*11 isJu J4JU jla-jV 

Ja^aJLI -l . -^ *11 <_ilLll tjjk j ■■■ ***** . 3 _l 1L^JI »Lkj| E ja <ji iji> i’ll I ul Ull 

S..i iM j_uoljll sju LajJbS < ii^\j jit «*>U Uij5j^k 5j^ qU m i < jj < aI L 

<ZLLJI 4 k i' 2 *j£ll - - A^liaa , | A — N ♦ mi 1 1 r jt c^aII 


TA* 




qUii> oIaLmU 10II 

E 


tfjl ‘* M J 1 


\Ji 


4 7C r‘ 


Sj^JI * 1 m 


ts-31 

tiilj (j-4j . jj-ball r jaj ^ic cij mil ixu* 

jc jjuil !■>. i itCf c-H ill iT» c^mfl ij4 (jl 

, dj-uaJI (ji ml all ^jjoJI j4j jOkoII 

IA-vJJ^S. : fcjsJ] i^LiUai ajjbuil- V/1« 

<1jL*a I <JaAj (£? 4_^l jl j'nfu L_* fji « ctla.Iil I jj 

(10-10) 

y = a sin 2 7t ( — - — ) 

X 1 

: ^jJk <LLll * jji 

dy , 2rcx . 

-j- ~ - a co cos ( cot ) 

dt x 

: ^lt Jiasu X «(>1 1 mil liniilL (10-10) 4 J«iIa1I cLaUu 

dv 27t , 2 tcx 

~r~ = a — cos ( cot ) 

dx X X 

dy _ dy 

dt dx 

<)Vili i C <a^II ^ Lulu I <JjUI 4 jOL>JI ^IjUlLI *J Jk 

. (-^ ) Jf 

: 4ajlj ij* <il J1 Mu u‘>lL(j < Sj* ^^11 <tui'JL JiAlilll » I^olLij 

d 2 y 2 . , 27tx 

— f- = - a co sin ( cot ) 

dt 2 X 





d 2 y 4rc 2 . 2rcx 

— 7 = - a — 7 - sin ( cot ) 

dx 2 X 2 X 


d 2 y = c 2 d^y 
dt 2 dx 2 


: <ftUJI ^ulaUJU 


(10-13) 


<Cj^yu £jj4 ^jLu»u « ^yl <JjLll <L2ilf £jlu*j <i^£. (jjt <IjLutl *jjk y^j 

£y 
dx 


(“™ ) ladjyi oliajl yi LujuAa <Aj 1 IjLuluI 


Li Ixuij yh jLiiii j*m — A J S * 

( Velocity of wave propagation ) 

: L*ji cJ uiLmI ( 2 j^~ * * ■**■ y '-(j jLiujI <x^u< * 

qa l Oi l i <4 j^> JL I L*l • pjy •*!! isa^yi <££ yLc. jaIhI <U££I(j . 

• oIuj^JI hJJk £gj Jailjjil (j p f i yl c 

* J^- ^"‘ ^ ^ t3^*^**- 1 * L* J^lA jtuikul Jj£ 

: 2 J (2*11 Ifjui CiltjaJI iiliill ^ui Lljjc. 

tfl 3 jIaII ? Ini'll) 4 'ur m .VCI I yi ( ^4juoII j j* ~JI <jU S lac (< All I t-jyijj 

s 


Ciluj *jj < 3JL211I tii Sic ^Jl yi ^ ■ ■ -‘I I ^ii~ill Cu A jAlilll i_tyu L*£ 

: LH < S — - A : jjl (ji • <JL« ijLiL (jAi^III JLALA2II jl 

8V 

A = — — : JaJilll uLyu ^ 


• 0* iS * • u A * 4 l yi Vq ji Ani l ^Ai yi jjaIII y* 5V «la 

V = V Q ( 1 + A ) 


r\\ 



JacLttlll till j!\j 


Jl <Jl 


s = 


5p 

Po 


a jj po j > * 1 ll>* 5p « \ >. * 

p = p Q ( 1 + S ) 


<a^ll jxijutf iljli jaaIsJI <!£ 


••• pv = p o V 0 

p o v o = (1 +A)(l+S)p 0 v 0 
1 = 1+A+S+AS 

: jjic JdhOAa (jrGjjAdt^ ^!u<^ Jj^Lk <j| ilij% A. S JLaJtl^j 
A = -S 

k jjk j4 l | *■ ‘l ■ kjL» jU J Li fjk jLbiujI Lbju jL^jV 

JjJolla ,‘J i «tm • <jj*i <■!* <-4jJa <1^1 J J»“*"» 4 i I <,«Ui > <r>>Li,ifa> kjUl 

. J^ !*•“ j Lt i .LA I ■ A" 

yk j( iii Vi I JjJi i.>uA til i jl iAj-« B & A lUii * * 

■ ( ^ “ \ * J^*- ) - v±*J^ u^- x + 8 x & x 



* x [ x+ y] x+Sx &<+£x>(y*dy/dx*Sx )] 

u-\o jS 

u-k A oLSIj-^J lM&j • B ' B Jim Lai A ' A Jiljj jL&ul oic 


YW 


: j-* B ' olulak! oA) ( x + y ) 

( x + y + 8x + 8x ) 
dx 

B i/1 Uiiil I (^u ^jL-oVl f^-JI {ja jj^I B' , A' quiallll Qu jj jSu idlj j^Jej 

( -p- • 5x ) jldLu ,A 

dx 


S = f 


: jd ^ jjioll jJ(f « S Lif i. Al ll c ‘i <£ L» dldjj 

(10-14) 


Li inll 'jM idLjJI 8P <a^*U <Aali A' die Jaa-ueJI SdLj jjl Ijj 

5P + -4~ ( 5P ) . 5x ^ B ' die 
dx ^ 


8P 


H 


ji JjJeJI [ji ^Li-uiJl Ji i i ll jd Lid S Joel I Ail lj < gijj J-*L«_* _yA E £u 

5/ 

. dl^VI^SPiaJuiJI^iSjLjllol L^JUiiVI^*(-y tf i) 4*11.1*31 

Jjj-ill <-^>11 JJJ-A die A'B ' -hi I j-*-tti e Lr lc S_K>1I <a K il ij-ijl 

: ^Lii^B* & A' did Jeiu«eJI 

F = -4- ( 8P) 5x 

dx 

( E S ) dx 


dx 


c dS , 

= E — - o x 
dx 

F = E 5 x 
dx 2 


(10-15) 


(jt (jt < <4*11 Uj j aaa <1&1I tfjLjj ^2)1 : «tJlail u>i^* d > * 


F = p 5 x 


d^y 

dt 2 




(10-16) 



2 

< (10-15) p 8x AB <ts£ itu&* 


dt 


„ d 2 y s s d 2 y 
E r- ox = pox — r- 


:4 >J— J (10-16) 


(10-17) 


dx 2 dt J 

d 2 y _ _E_ d 2 y 
dt 2 p dx 2 

: ijA C wj fc AI ll <^jil jLilil «l c.jiM ,jl (jjj (10-13) 


E 

c = \l — 


(10-18) 


E CijjJeJI JdiLu* JjaLmj < £jL» jj j'**'* <jj"t >u4 liLak { j4j 

: j^jU L*£ tdlj oL5] < £jLtll (J^l«uu 


S = 


8V 


y • (jl tf I ‘ (}•>** <JLaJI »1 a JacLalll 

(j(j < (P,V) L*JI C(J irtll jjj— » «ilc A La <iuj tile. illj Lit i^ll Jjl j_Aj 

. ( P + 8 P ) « ( V - 8V ) _yJk A ' Sjjlatat <Lii Jjc. Lit«JiH 

: a£i Jin u>^ jl^b o*>jHs 

PV = (P + 8P)(V-8V) 

P 8V = - V 8P 

. la* j^eVSP 8V tkJI 

8P 


.*. P = - V 


8 V 


K- <^ll JdtljL* <*-Juj-A P «>a JI iil>A ^'i »lLS 

■ u-A £jUI oU^>ll jLiljl <£.J*U 


r\t 



c = 


(10-19) 


PV Y = PjVj 


,15 


Lfj| ( 10 - 19 ) ^ l. t^l ..iLJj^JI yi co*a 1I <Le.jriui Cm i it L* alfij 

jjuii JJj < <ojIj / jL» 340 1 f~iaji ^_yk I Jif « <Lu(j / _>ia 280 

. Sjl^aJI <a.jj C<_>J <5 Jjj^J o^iLi jLLil pjju t-WlshVI I jut 
SjIja £JU^» tillilj • L^jLLjI ) > ■ “til ^1-^ lll toliafei <a 11 I >U«,i 

(jJoLl* yj * Ij^Vl S j l_>-^ ia>jj 1 4uj t JocLajII ^iaLl* ^U..^jll r I^Vl 

. ^LLjV I j4Jull (Jjili j-uLlt U^J < J ■*- 1 ~ 1 1 

(10-20) 

Sjlj-aJI i^u <iwill yi 7 ‘-m-** < j4 Vjj 

(7 = c p /c v ) Cijli^a. 

: J>A-fc > ( 10 - 20 ) <L-iUu^j 

dP _ 7? 

dV ' V 

: >* K *> ajl <U>1I a£i IfMJ 

dP 

K = - V( W ) = 7P 

: ^Jk JfeL^JI jji C^J^aJI iAju* jjjiJ tdllijj 

(10-21) 

<il J^'i dljJ < Ljii 1.4 ^ilj^ yi 7 Cul£ Uj 
L kLtc. <*jjCm <^lll filial CajJ yle. t ( 10 * 21 ) £y* 


c = 


7 P 
p 

■~U - I <Uju u 





: Sjlj* — ^j\' 


<-^jJ jj.iT i 1 «J. i t « Cj c J ^ j J * f t i«*q>ll (ji C<J « rf»l l i-£.j-LM ,j| 

JJo) . Sjlj_sJI j j « » * (>fil i rtt l . T 2 ^Jl Tj ^aSjIj.aJI 

■ u& (10-21) ^aUai r ljil*-L 


c 


1 


C 2 



273 + 1, 
273T4 


: <jjS5 Cq <£>iU jit*Ji <a»jJ .lit pljfll Ct>uJf Itjtii L jilt I Ijlj 


C 


1 


c 


o 


273 + t, 
273 


(1 + 


273 


]_ 

2 


1 *1 

c i “ c o + y c o 27J 

c, = c 0 + 0.61 t° (10-22) 

, . .ijtiti wij|ii ***(j‘ -»n ^j"- j^** ■ -I ■ ■■"■ 


:('->*) Jli- 

: Li^j JL^ <jjL <Uii >Jj*kTi 

y = a cos ( cot + ()> ) 

<LklyVI jjil loiLoi 1 JL* 2 <5kj&ll <•,< nj <LtiLj 36 ^ju ll (jl ^Jc Ijjj 

. 30 ^iljIiVI jjieJI <Ly Ij jjti Lit 1 <Lj^j<tjtullj 

: J JI 

a = 2 m 
2n 2 k 


30* ^IjliVI jjUI 



30 1 

" * = 360 x 2,c = 12 X2,t 

• <>3^ y-l* T 271 (ji J^L 

y * y * y oVjIa* ^ LuLu j- - ..j t 

y = a cos ( cot + <|> ) 

y = - co a sin ( cot + <J> ) 
y = - co 2 y 

^L^'iy <k*JI J( ^jLJSl y j£U*.ljyi,jjSu 



0 * -}•) 

ULi. u>£ , j-i^1 <jjlil <Uilll *£ j *> UU, <jy£ L*oit <il ^ dJj Jjyj 

li^j <kaJ J\ Ulj tLli ( ^!u qOiLLJI i ^i J ,jsu j L» Jil I4J g— s^l 

: <jjlil <J*Uj LiiljSlI jLaL dlj oL5J u^±f . <jUJUUL 

my = - k y 

: Sj>-JI ^illculik , OjUIILLJI;^ m>..^ 


y\v 


dy d , dy . dy d , dy s dv 

m ~r~ -r ( -7- ) = m -T- -r" ( -r~ ) = n 1 v— 
dy dt dt dt dy dt dy 


= -ky 


dv . n 
mv + ky = 0 
dy 

m v dv + ky dy = 0 


LjUI ^Liil I Ifijw ijJk v 


1 2 1 1 2 

— m v + — k y = constant 

2 2 


(10-23) 


<iaij J£1 LajI j LlLj Jioa — k y^ — mv‘ 3£j^dl J*I ilL £j * y * 

jlu L* y <aIj^ I 'i L» jit <il j^kj dij(j . >rtll <a^ll j J j^Ti 

. <aJjV I tUjl j<Xt fjk JjSLuL* jj^l <lajJI 4j U Jll V (jjfi 


: ( Stationary Waves ) CjI^aSI — > * / > * 

CMlaJ I (jllJjLfcLft L»jifc oLa^JLl (jj&S 

i L# U >i(j ^ <( j >,.t i> 1 tj’tf »j(x oLa^II » j. A ^ic J m . jjjL-iJL. 

a JJk <j\ t jj^il <JaiLuJI 4 o1mVI <a^II tumuli ta^jll j »ti»V>i 

t-ijJall ^ jJL tj|J < 4^ijJLa J^kl ^- ja . IHjj Ijj < SJjaJI £gjJL oU*^ll 

L£ ol^ll *1 a <ki ijj&Ju (_jt| J-uAJ toil JaJ JJjj jutl j^Vl 



TM 



I I, Lk LfC $ yl dSkl jj C>JU <jlij ^IjjLLuiL 1 1 A jjk Li A jlfcJ 

<j| it^*» A jSull J>c Jju . glut Lfa <i£ jjjliJ I JLujj ijlj ^ic. jaj 

. JoAaJI (jit £ (>»^l u>£j ^Lui^l Jit 

Melde’s experiment . .d» aIa 

< IjLua ^jLuJ LajIj <^pJI Uxu (jjfu JtiJ*i> (|jlf Julj 433^ *U>*s>^ j_> i.Ti 

jlaj-J ( _ r i& <JoJu ^ <£j^JI <.«.■. u jj iTjj nodes »ii »IL Jalill *jjk ^ * i n~(j 

LajIx tj ji Slm anti - node m»LJI ^a ml jaiu aic f~±* u^\ J^u 

oL-a^j 4 II ^ • ",* dbl*i ftVIj , Ca*j_* JjJa t imi If ^1 C£i 0L44JU 

A .1 •>! 4 Joo^jjl !ji <jjlU JoUI £. 1 , m t> <jl jA O^jJCjl oLa^jil <jc 

, till I <^jll <JL* jjiall JaUI 6 jjl IaVu t <a^jl I <JL^ 

.. f jlc. <! t»3l . ,. 4 j 4„\i“ t O^a t < 4 jJ^j_a ^v>l Cka^ll <1 jLaII j| -^jVj 

. <4343* <3^34 < 1 «<aU Ij tlailuJI 

. <«■< ij JJjilJlj <ajJU JjJa ^>uij «i 1 n^Ail Ij <iaSLuuJI £gla^j<iil jjl llA 

(10-9 <JjLla jkil ) <ULJ I <^>il <1 jUa 

27C 

y . = a sin — ( x - ct ) 

X 

: «( hi^al! I <ajJtl <1 jUa 

. 27C . 

y. = a sm — ( x + ct ) 

X 

: ^jJk <4343! I <a*jll t^uafc Jaw^II < _^i La <^ljV I h L a v^ a 

y = y, +y 2 


x\\ 


. . 2jcx 

y = 2a sin cos cot 


(10-24) 



= A cos cot 


2 a sin 


2kx 


tSjluu^ <iaAll I * jfj I Ujui ijJk A iiu 


ilk A — 0 ^1 < OluJI ['i t^*i I X iiLJI £a LjjJ jiiiu 4 amJI jjl 


X 3 X 

JaJLiJI i.i 1 f A = 2 a La j^Sti OLiiiII OJ &3 x = 0 , — , X , , . JaJLJI 


x= 4 


3 X 

4 


5 X 

4 


tj-Lj ^omI (jllfcjj * Jil LaJjVI 1 1 _ > > i'i t£j jjlil i L il ll jjJc i jif ^dbul 

Jji* < iiirtt SjaaJIj ajIaII £>u 3ilu*lij » jlu L» jj£| <aJjV I Lfjj ^^lll <LL21ll ^ic 


• iJW* frfJ oMb C&j ‘ 


: (Beats ) » j*Ua 

< »j.i All La& CiLLuaIIj ^ajLuaAJI (jMfti — Ajlilf.li — C^uJI 

jitli La^J {{Ua^« JAIju j|)« CiLjaAII ijitlJa LJLmjJAIjUIj jLi^jVIj ijkI^mVI 

t— < I |*«* A ml I C(J »qJI iSjJU jjk {$}% •! Jjj-1 «JljJ J | A , LjjjJC JJjjJI 

oLj-uAJI «JL». ,^i <11 ijk * <4j 4>U jr l>-*Vl o±}£j SjJiUa jjc oLj-aAII Sj^Ui 
<JL* Lolu < aLajVI (juil ijh 1 » <^jll J[)Ja dglitl. A a (jl*i »ll ^ijSu 

• JjJa L >i*il L*fl yjSk^j 1 C^ ^ UIa (jM^I vlljaJS JT lj-»Vl 

— LilLSJI ^ <^A(_LAj I j co^oJI ^Lijjl olj-» jj_c jAj — oLj*Ail j j^3 jLajVj 

<A.ljVI . 1 a | >a SoaIj <jjjj.il <1»I ^)lj < <jllalljf j <a^if JJjJ (jl ( _>A a )il 

: i jJk Ja4^II La <Luui yCL^jll jjc <jjLJI 
y, = a sin 0), t 
y 2 = a sin ( co 2 t + 0 ) 


r. • 



co 2 a 2 n f 2 & co, = 2 n f , 




• OH o>UI er* 6 


y = yi +y 2 

= a sin co, t + a sin ( co 2 1 + 0 ) 

. 0), + C0 2 0 v CO, - C0 2 0 

= 2a sin ( 1 ; 2 tf j ) cos ( 2 t- y ) 

CO, +C0 2 0 

= A sin ( ' 2 2 t + y ) 

c<j. i ^J I . L )U A -fc 1 1 4 jAjAII L* A 

: (jl 4^1 « A 2 <UauJI £a «?i«<nafctl 


, - 2 0), -0) 2 0 
A = 4a‘ cos 2 ( — - — t - — ) 

: <ai iiLl* oLjaaII ijM i*i il£j 2 cos 2 x = 1 + cos 2x $ Lu 
A 2 = 2a 2 [ 1 + cos { ( co, - co 2 ) t - 0 } ] 


: <UjIa 1L (jJaJU f JJjIi CjLjaaJI Sjxu jjajj «illj i^Jc #lijj 

2?c f = co, - co 2 


= 2 n f , - 2 7i f 2 

f = f,-f 2 

. jjjjXuall t»u oLj^aII JJjU tjl ^1 

: ( Vibrating columns ) S.uefyl jljS*! — > > / ^ ' 

^>« U&J t ^Ij-A J^Ij 

ji LmIj ^vLwJI Ij^J ji^UI U i<(^ 1 I (jV |tLuJi jic iiifi (*> 4 “ • Mj J U ,A 

jjicj . v_j jajJlJ l^ki »(j^JI jjSj i^ti ffc ‘-Jjittjl liifi JjJoJ (jj&M 1 «‘»l i (j <JLk 

jjk — tjl j^4f — <IiL* JjJa j4*ai| *ilij 


r.\ 



Jj-lo jjj I jjj « / = X / 4 <La^_a JjL £tj 

JSaA ) Uum ^ ( wl 

l = hi 4 IjjL**-* t J>UI pi— s I .K(\T-\. 



l = 5 hi 4 




. IULjo... ,5/4X,3/4X, 1/4X 

<-$>4>U <^jll jjjSLu Ltjucj 
JJjj jjoii jj! * JJjj « * Ijfll 

<S_y-iit j. t mi l jjLi IjjJ < C(j ii>H jA u> * 
liiij (JjJa j u>l l n L*JJj 4 llllj 
*l>* U* JjJa 

IjA vl(J i rt H 4-fc W-u |‘| j5u > X — 4 t <jJ-JuVl 


v*l*ll 

v = n X 

v = 4/n (10-25) 

. • Ij+jl ji co*>aJI icj-uj ^Li ijlfc <2 jjUI * jjl ^daJLui^j 



l = W2 



— — - 

l = 3 hi 2 


(vr-\.)j£i. 


CrjijJaJI La^Iill ujjjIjVI <JLa> L»l 

ijl Jaj— i » t < L+Ulj ,‘i i £jj 

JS die. J>lau dKld JjjSlj 

JW-uAu- ( N- )jSLU\ ir kL^-£ 

(f! < J>L > Lrt‘J i^jLu Aim ^ I 

= X/2^1 

C* “® ^VlJj_Li j_ij 

^ , 2A.,-|a.,X 

tilij <^>1 djUj i£j.L»«j JjJa 


r.Y 



v X — 2/ (‘i n Ujjjj 

v -Ini . 

u J2l t.fctiljVl <m(ill * Ij^JI ^ c^aII icj-m <-ii ^1 Ju^j 

Ofeli Jjc. L»Lm < <L^*1I ^jioall ^£ 2 ^jc i.ijfcwj till j j*ui . <JLUI 

• ^Aii ~kJ I ia^il J^U ra» i rfiTi J«£ ua^liuj Lm <alitl jft jLli JJUj <JmL JiC Jj < 

• <a^jll J>U « »i*fc oic Jai > iirt'i 0.6 Jj Jq JjIju L <UL^Ij 

: X <a^II JjL Jjj£j <liill t_ujljVl <Jla. <il 

X = 4 ( / + 0.6 r ) (10-26) 

, V I ^laS ‘ * ■ -~*‘ jJk r i*ij\ 

. ^ <6^uJ iyl ylc j^tl ^‘*-.-*‘11 I jul 

jUIaVI ji *.il1 4 # l>fll jji 0<j-*-aJ I Lcj-J «^V * Xa^jj 

Ole <£j*JIj Vq (jJI (£>U.I j tm ll iji Co^ll Culi Ij] . j»JI *J 

:uJ^ v t 


v 

V 


J_ = / 273 + 1 
o V 273 


= (1 + 2k )T 


v t = v Q + 0.6 fC 


(10-27) 

fill j«-*n <a.jj iic Vq — 340 m/s ji C(ji^*ll <t jam jl jlilclj IIa 


: (Kundt's tube )CiAj£ — > Y| > k 

j(^ll ijk -(j ■■«n jL^al j* Sx^fVl £jGj ^l.i a 1 **iL oju£ «~ i 

. (jjuju ^LUlu 4 <Uia 1I 

^u)blj t| l>ijj jLi. jl * Ijx I 44 T ^3bLa.j tilm ^j ^*l >4it I jLfaJI 



1 1 Iti.jj < irttl R (_>«£* Lc J-^l j c^*i 

. ■ j . X 5 1 1 tiLJjj , C j3c. * c> iu AB i_ij i Aii J mlj I <x»lil I 

^Lc i,n ./till j.t <rtj • gjuljJI ijii^ i it.* I ijlr ^jmLaJUI 3 * Ui <W(jj 

I+j Ja^jj (jill « T <j^jVl #ljji ijk J ftT J B Me. <i Ja 3^>ll 

. (j>dill£ Utia. SjL 

> <4^oiV I ji <J £M— * jk <it R j^tUl I dL)a*>i 

(jl 3 J . ( N t — \ • JlLw j < jaaJI die cli«i ^jJc J>Utnjj 


A 

w- 


c 

-j-Tnr 

.criog 





(U- \*)JSLS 

— I £jual^A *L| i - U-L « t (^Jill l M ^iii> <.U,m4 Ait <La^jli 

l^jjlLiii iiLull <*l til • ijj^uJI < iitll ^ Ij4 ^JJ tJjitM iijlJI 

LjjLfau-* jjlL C(j mil «LaaJLI i.ij lAill JjJa jl L*£ >I^JI yk J^L > i<A*J <L^1 m « 

. ^iirtVx Oum <il itij% < <.>ji Aill Jil J <a^j* JjJb i , 

n '**u ■ ■<*! I v r i»^uaaII ijL ( jA c^ukll oil^ I jl 

v r = n A, = 2 n L 


, J^Ja jA L i-ij^ 

: V ft ^ C(><uatl C*il£ I3jj 

v a = n V = 2 n i 

ft 

: till 3 • <JL>* 3 Vl yi d^jJLH* jl Collie £>u 3*Lull ^ / duok 

L 


r.i 



: a 1 Hiw ( 10 - 18 ) 


V r = VeTp 

dl j jjlcj < i jjk p « E uii^ 

: E ^Ul jjSu cuuaill tjU ji c^aII 

E = v; .p 

■ Jjl^aJI jl tjllaJU JjJJL i_iji Ail I <ilj£ £ju< u 

dli^j i * * **- 1 I cJjLiJI jJ QJ <<•> II Ccjojj <lLajV LAjI Ci-t^jJall tji j- * ~ 

L^JujULajU jLi-l |jj JjJa J4 J.a."J < <gj ^*il I A^ajVI ^4 jlaJI JlAjL 

IaAjI • <$>11*11 <Xj-tu ^Jc Jm -fc*i < * l^fll ^jk C<J irt 11 (juij <a^>a J^Jaj 

CuLj a ^ •* C> Cu L j lrt« I, iA Ct~fc*i « jl A II H i rj^ll Sjlj— aJI d « • ■■* H ■ ■! ■■• ^ 


• (j* «£(>aaII ^ c ^ uj tjl ^ C>l v 5 f u * j] ( 7 


V 


g 




• <aa(j£ p 4 jlail l*» • ■» P 


SIapVI T f \ * 

( Human sound ) 

ill t_j£ jJLj . <_ul>(JI X^Vl jl^jJll AjJllla ( ^Jc (j Ltu jV I jjc vl(J mil ^* . t y L .1.a~Kj 

lIj Uqj 1 * l**‘ -*~\) • I 4 ULiV I i ^>JlLI I 4 i j_aAaJ I » ^OjjJ I ja jLuiV I <Ufi C(J| U>1 1 
* Ij-fl I l ni .. A jji S jLj ^ ££ij>U < i 4,m j* >jll 4 . * lj_».Vl *i* t>A A j— A 

4 <j^uaII JLaJI <J l n > - » ~ £li ji cb^ <>(>* jl>*V ' IfiaklOi 

Jxa. .2 j^i -hi I (^ioaa ^jll ( _ f jaLAJLI a Li E jJI {y* Cj&j-* 0^1^ L>* V^J-^ 

l M ^ ) • -» « ■ jjLt-iiAJI J^uo-jj Lft. ’ i M <<J_ij.il I SjJJI ■—< <> ■ Ail ^LaVI £y* 

I *<* j^Ai La£ . <juijill a IjJI jaj jjla jA«j jjc l a| |A«I (jj* l.i a All jluV 4 ^jaIa 



. C^aII £»!«lahV jl 

£ 

J<^Ti ^^JIjUimI JSLlw olj < tj^i^ll £li <^j*uoJI Jl j.>ll 
ai^aklll <Jji SlfUl jjImj • *,»>« « ji SlfUl fill <j>uL J-a3j * 

<aoj]I Ju.Lif tjj&j • c 4 j j a! I j Ci|j-*^Vl jiiAi Jc I Jj LtJhUU <jkiV I 

. ( \ o — \ • ) J^w • ^JJI (Jgjlft jc * l^fll Ulu <tiiV I 

j-iilpjCtf jJ' 

> v / 3k>^» 





(Nd - * \u 




LiJ^j i K 1*1 » 1 *- *■ ‘ ^jJI c^jjVl J-»x J««j (^ij iijx fiJ Ij * hi (j ij-aa&ll (jj£* 

j^u J ...lllji*l»lljqi*t.MI *k JU> . »j Vttll < tl > i»JI < J mill 

^uLltl Jm iic j^u « yjjjll t— tj^jl ji <(*>>> • j£Ll jk £luiSl jl j » iA'i £*lj^J 
J ljo£t Lt* < jjUjJI » lj|JI ijLj ij^i^ll jjc jl ^jLaJI 

(jH>— »il JuUI Jl *iUj • ( \"\ — \ • | t ^u« <JLaJ«l 4_aJI 

ijj »lj^J Lfl tfj i Mill qj «** ll «Ul j)l i dJj Jkj • fill i>* jjUJI 


. *JVI J^lj^o^^o&JI - N 

. 4j3j*aII JLaJI JJjSlI jJ<irt« CiLjjjlll — X 

. IfjLj^Lak^j ^JJI Lf j\j uy^JI iijk - X 




i ijjjjl I <^ill JV » # Ij^JI ^*j Ljic 


ijJc dlM^j < C/ij „>ll 0 * ^jLaJI * (jfll J&a_bA ^jlc. UjjjS 1-iijjj <Ljjjj oljljiAl 

1| j t Ijji * _*~\j .^11 Jl t -wli A^j^t I 3 jLI 1 1 2 * ■*. &VI y a^ I lj 

jl jjl 1 4K * Ij-f. ' Ui 1 A jljjl LJ£i . Sj^I^JL <*l ■ I *y ■ --■ *H fj* * * j ^ «- » 


• 4ajL»jLI CiljJtplI tlil*iak| (jJj Jlj (fA$&3 * ^.‘*lj * Jli^ll ji .utiil 
>JU| i . # UaJJ 4 ! j <j^Li ^y» L*l . co^aH cl^U ^ I jji 

^Uul jIxua] ^jUI jjLuiiyi ^ji i Ctll.il I JaIjjJI £y* j4^ll 

ijAi Lx* l«‘*j* ^Ju • c_t^j ><il I < 5 U Uja 

I * . .J ... «.| j j> j&ll JLi^ • (jl 1 ,.W I jIa ^.<. 1 ill 1 4 jL fj uiVl 

oLaajJIj iLyul iM^jj> , ^-4 iiau U <JjL« Sjjaa IajIj LJoJuV (j jVli . CiLa^jlL 



« Lojll jjl ji lo4(jdtli IjJu 4 -ij tut Uii <*».‘J i AitJI ijLji . C(j«aJI S«uJu jit ki^L 
* jjl Jdc. Jbljojj jj+IaJI ,ji jlfll 1-Ui j] 4 jjjVl <■«>■ n~> LS (j*j^a» ^jk 
oJull dLti j«ij oj iVk I L* I jlj . <aL»VI Cuull 1 m ojljjl 1 >K I |‘ii>it(j oL^yjLfJI 
<AJ 4 mil oL^J-ajL+II *i!a £yk Ll (jyiaV I Jjifc J^j U, JKV^V ^Wkulj <Jau«(j4 

L 4 j. 1 t>! ,la>ij 4 I jl ^Ljll CO>^ (j* LaJaC. <4 (ju~k. l L • (juij jJI dlt^j . (jjVL 

Lujj jLf^ll ^Jc jlitV <jl <iJLajlj ■ dilj jk i.irtii jjl .Jl C^«a1I juja 
C iljtA&U SjaII ■» <4A>ji <ii. ti ^ZV ■*“«■ 4 u Umjll (jjVl 4 lL'i« jl e>t«l I (j *^1 

.l^cLiLJIoLciJIj 

(Musical scale) {Jull SJ^aaI! qa\j*S\ -\T j \ ' 

: iti^lj jjlji (ji Lfi n>.j je ^UuVl ituJaJI ^JaJI jm 

. jjjiil - \ 


r.v 



. sjjlii - r 
• - r 

J>L O J mi . <*l* 4 <La^>* JjLj jj « * > j *>1^11 ^ o>lMi Co^all ji JJpJlj 

(jrjj ^jl jLni^l jjc ^*uJI ■ jjVL 4ic ijjfc <LqjiJl! I Ci«ll J>jl 1*K 

. I 'jit <ijl jjJc (£jdJ I jub 20.000 * 15 

^jll j«LhVI ji <^ixu^II olil,...l (j t >■» J I je 111 1^ 1*111 CtLIa^Li Oal£ x&i 
JjjJ <xujLkV I Luutl jjl ) in )<tl*u i JikV «L>I . £joJ^)I ^ LJI Hik 

jii jj^. Jjjla-Ji ji<>l o-iil l* iji 

lju ol.i nil (jl Lij£ jjak < j )« tvfclaai .1 >1 |ik ^jdl ^4 j!t£l LiIji ft^jJlUeJI till! ^ uuii 

Oxu^ll oliui (j . 1 : 2 LiiiUji Cl^i l^uill oi Ijl < OCtHVC lt(o£ jj uJ& ££x»A 1 
, tjjJJjoJI I^U <lmll I ^'jJc J* LfcfJ jlU I JJjXll (jJc O^jiuV LjU^Ai (£l £|U 
ji>ii(^II ^ LJI Ajialxtl oljJjiltl u«*l) plil i ut I fjJaAu | N “ N • J 

xr^ 1 


p/wa>* 


Jj 

(SJ 

cr* * 


J* 

>* 


512 

480 

427 384 

341 320 

288 

256 








oiiil 

16 

9 

10 

9 16 10 

9 



— 

— 

— 

— — 

— 


Oui^II CiliLJll 

15 

8 

9 

8 15 9 

8 









2.00 

1.875 

1.667 1.50 

1.333 1.250 

1.125 

1 

<uLuj^ii m, ii u 







V^JL * 4 


tia^ J)Ui <jjlo] I jjj Uijlll <iUJI l^j\j I 4 jilt Jk viyui ^*y ■ I SJmJI 1*1 



j'jic > jjjVl j«Luiak! jjl Li^j • La^ll jlillil Li^jif. oUtLwil 

ijjL2ll jjjVl juLut^l (jlj ollj^ i ^uiUI Lijjjj |jk ^>u|j o L tJull j<tjj qu 4 i mill 

( j ll ml l j ) jll 1 *.4 i U Xmi ljJJ 4 lim'JI vjl^iu < 1 oil tXuil 

■^a 

Bel JJI iti^j i_j jiu >i>t fk 1 JuuutilL I2 & 1 1 C/^y^ *1 iju 4 >i mil 

! jJk Jjduijill JJC tillj iJtajl £jU 3 >1 Mill 10 fJJjUjW Lfjlj 

101og 10 (I 2 /I, ) 

( jA i jLj Jjlijj < .AaJj J nmj j jA 4 1 n*k" i fa] ^)4&U Co^aJ I »Am> j4«u cUlj 

. L»jS 25% jliUj ttlUl ioJJI 


4 


£>>**11 

Y 

9 

\ 



n 1 n 2 


iw-v) jSui. 


► 





u >Tfc\«(N V — \ ♦ ) i* i t i < jjkjlil U^jco^aII ^UjjI <ajju li<i«l m>| > . it> ^ jj 
*Xuu Jjl Ol \Jfc >* 1 1 g.rfl IJJ < jjVl 1 i ol I ^IjUjVI (f jLtai 

C(j irtll ^LijjL jjjVl ^LwiAj jl VJ i B jic 1 1" i.iiiJt A jic < a1UI «a11 


*.* « aI ^Lujl jm4u l+l 1 mil 1 n*h I |jj!u n | JJjii! Cilj Cuull jjl (f \ < ^(j 

LxtjSI t 1*1 >_ii <jjLi,it.* ijx^Vl * j+1 <JLLLJLI SoJuil I • »» • n 2 


n, c«iiJJ 


| : ( Vibration of strings ) jtyVt JlJS*U 1 t/f 

Ji*iVi < Ji mi(j jjJc I !jJ I ^i-Vl cJ^UI Uj ^ 1— ijja QiVt I, • 

Jftt I ji Ji tj l ijlc. ia^ll jLLul *Ltj*u ui^jl I. 4>i^U intj^ll 4 ■ oj» im. i <la^4 

. jLjuVLj Jjl'fc 111 ^l.i 1 <«iii 3JbL«il » jj> jLa/ij . <x» JI^LVl ^ ^jlcj 

iljlill V <La^)ll ^£^ujl |j1 

V = kT“ m p (10-28) 

JljJoVI ( jM m , MLT 2 J^uJI umJI jji T 

. Itjjc cul jfi P , ot , MLi * 

<iaL*II IJ Le. J < <-» ~> ~ i (10-28) jji LT * I o 1 

[ LT 1 ] = [MLT' 2 l a [ML' l ] P 

(jJt. J «*»**! T , L , M jiim V I i lj l iifc«j|j 

1 = ot - p : L u i]<x u JL 

0 = a + p : 

-1 = -2 a : TJjV-iR* 

: 4jl o+j 


r\. 



a = 


(3 = - — 
H 2 


: iaalil (jic ola^ll <c _yju aj$Z tillj (ji<U 

v = k ji 

v m 

tj j la^ l ll <itutlj^ <*xi I i Ij t ~fc~i I ■*••_■ •*- « Soa^]I ^jLmi CuIj k 

: L*jj <jLuj l *£ i 3 K . fr.JI 

• HI ijA Sk£ I O* j I «j*i 1 1 ill I <1£ (j(j < T *jj2 J in i iglloA. (j«* l ^.uti. 4 jojli 

Jkj X XwJI (jl jLjcIj lit UJ ijiju« <ijuj tut L^jJtLuU IjI^IaI j" | ■ j^jll (jjj 

. ( 1.12 


. 8 X (j£jJj AB iiliujl Ij^Lua lj ■-**»<* jy» « 


J ihl I *Lall ^>Aj ~ A <Ja2jJI jjt j^^il (_>uLaJLI Jj *■ (jj£± £y» L* (j_jt 

£ru-* L»£ i ( ({> + 5<j> ) ^yjk B j_1a ^jhLJJ J j4 ^ Ulu t (|) lyljll LjjLuud* — LiHt 



<i mil I Sjill (jit Jirt^i jit Lj4j-4t jiuljll * Lai VI (ji ^jlll JiiaL 

: (jj iu . F (jji AB j <rt* i«ll (jit 5j2$ll $jiil <jl jjijii . 


r\s 


F = T sin ( <|) + 8<|) ) -T sin § 

= T sin <]) cos &J) + T cos <|) sin 5<|) - T sin <}> 

^ » .»lt*i ^-1 gj 8<jl = Q ji i - > «i I a j tj i , i . 10 <jjj jJ I 4 • i m jl ix c 

cos 5$ = 1 , sin &J) = 8<|) 


F = T sin <]) + T cos cj> 5<|) - T sin <(> 

= T cos <J) 5<|) 

= T 8 ( sin <|> ) 

m 8x ^ « ( d 2 y / dt 2 ) ^ &>JI c*il£ Ijl 

d 2 v 

m 8x ( — — ) - T 5 ( sin <}> ) 

dr 

I * I mi Ijj^j < sin <(> = tan <|) yi jLici l jjJLu» <}> yl U» ySHj 

• u* tf l (dy / dx ) >^JI * j-* aic 

m 8 x = T 8 ( ) 
dt 2 dx 

t d2 y x 
= T — — 8 x 

dx 2 


d 2 y = JT 
dt 2 m 


v 


Z 

m 



: ijA ^jJjuuII j^jll <£>aJI <1 jLu jjjSa till j 

L (10-29) 

: tr* J-O^ j Liui I <c>ui du^ 

(10-30) 


< <a*jil J^ia Lf ic. jl <JUui < j1a ui^iiV V <C_^uJI y| <JjLdl 6 jjl /jjt 

< j fji < Impll jjJt iaJJI , t • 1 »"» Jan^ll ^jl oLa^JL I jl itiVil 4 j ioIa £jJ jl 

. 4ji * jitiVdl ^l>»Vl 


r\r 




: (The sonometer ) lj,Uc> — \ o J \ * 

JAJJ t <iijL yk i_ilnl 1 1 yk Jim 4jJt CiU/i (jlij j t -\l i n yk v_j i£j!u 

dLJI jjJc XwJI j-*.i I j . JU5l J^Laj dl.JI “*jj <£j^il iy^ Jjii (jit J-1VI v_SjJtt]l 

. (^-n. jtii). jtUi^^uiijan jjjl} iji 




IjUf ~il|j . ( JjJai I JjilVil 1*11 1 ml I C»*fc*i (jjUjUiti 

1,1 ml *>*l> n dLJI aaja (jl (ji *k~ill ijjjVl t wjlxS irtfl ojjLi 

■T iuJI c<jjj tile <|)L £*» 

J)kll q)Ji ik VT i ij*ll jjf jjl^“ll 

~ 1 1 **- “-i‘ viil^j 1 / Vm <_t*wl in jj^JI jl oL juV ^UlAll « JljJaV I 

. Ifilc ^Jl^JI dmllj J>UI Cujjj £-* < diLuil 

: djkltj Jjjil : Vji 

« Ami I cuL 1^.1 1 ji ^ii*> iin^j n j , n~, , ... jjjJI i^liu ^jlij ija ji<hi > 
jjJe- /j ,4, , JI^LVl »aa (j&Jj&jJu J£ Lojj cr L«j < £jJI diuJI JjL Aa^jj 

. tJLU'plI 

: (jl (fl < LajIa CjjIj jIai* ujidl (jl Aau jialill Jj ldl AAjlII ujiAj 

n , /j = n 2 4, = constant 

(£l (jUJU (jd» <Jj^lil 6 A^J . dLuJI Jjlo £_» 1 j nXf. lyimlVW AAjJlil (jl (^liu IaAj 

. ,‘IUI Cu(2 U^Ui (JjI « AAjl 

: jjjill : 1*213 

!jic. j-^ I ■*!!... ji jUD (JjJa AAjl juu fjM *■ * 1 ■ ‘-(j < A.iitJl Cull ^ ~ * 

ALau^Tj J\T 2 J\ T j (j-» AxiJI jx±kly , <oic jiljll AxtJ I jjttil ,ji^ I 

: (jl A^Ji oulall JjUl Ia+I n j , n 2 t n ^ : ij* Js£ AAjlII 

n i = n 2 ^V ^7 = constant 

. dLJI (JjJn C^i AlC AitJl 1 jA^JI IjAjL <-tml i ij AAjlII (jl ilij IJ IaJ^j 


: JljLVl Siaj 4H£j ajj^I : 13213 



* JL-C. <JI aJI »AA ^ ~i 


4 


<j£*(j Lfl IjJal i 



Q l M l < ‘ 1 I <|I| 1 I j“‘u\j J , nij , ... 

■ ju tilL-u (J£ ijlc. I^lj IxJu diito.il « 4 <t& JUjVI iji ^uLii 

*H « ?H « *« l I * Li^*i I J 5 m j n j <1 lluL-* VjJa jaA^j 

: o' ^ * W** 

n^yinj" = n 2 = constant (10 - 32 ) 

jJ_aJ I £-» t j t u^f i,u 4 j(jlj i 04 li -Lai CiAJ t*llm i jjt CM 1 -* J> J» J Jjj jjl * i IjJ^j 

• i-llmll I j-* J \jL I >JL 4 ^J 4 . ti<l gjJUUjll I 
. LLf /,wU Lluto. ai l jj& < 2 jLuII di^CllI ujlalll o*j 


: (Doppler efect ) A» J »>U>-n/>* 

< ^tLwJI Ch* jlloill <_jj1aI I.aK ^4mII Ujjp jl jjj jlLi ijUtA jjl ^i^ja U-kV 

■*tj ■>-* j L*jle l*jlj SjJkLUJI * jjk di4to1j . jlloill ,U*i w ItJac £ja*uuII JJjuil JL I »*tt> 

CxAi o' o^*, ii ■ <-*■ eA^ ji iA*-*-® LT**-* cA 

jjlliVI jl jl « LS>^ •> *i ^ uil^llj liSLui j.i ml 1 (jji (jl jl U^Lui uiljl(j I^jaLi 

. t_JL>^ t^j*k.1» cp-fctoll jitA* oi^i l*Jk ^jJiUall jj^aII Lui ; Vjl 
JSk (j]0 . 4 \ >1 ■ 1 « O^L oUaJcL-uoa J^ it < ( jic. ,U mjll Lf i C^ J- ‘** 1 1 Ji 1 h 

. A. J^L Uli m qUlliUt 


<J»aJJI * jjk A J-utjl S j <Ui‘JI ale L» <JatoJ (ji jJ-a-aJ. 1 (jl uaj_L 
LfjL^l m.h«ki» X fjf )W tJI (j*jll J)Ia Jt*m — ( T • — \ • Jlw jjLjI ) — ollacLkAt 

S 1 ' -TL n 

-* 1- 'U 


X^- 0 


—*\ Vc T H — 


r\ , 


c* 


■ -NO 



Jafcl «A"JI (jUi SjdJ IjJii . (j£Lut jjukll X <a^i JjJa 
. jIiaII X&jjui U <- U S T ULu iJjau jd J(jinll jjia » jjjiL ji Jju j>'irtj 
I JjJaJI fjj* Jil X' Jj-Lj Mil l O Ml fti ‘ i l l Juft I^iljll tilljljj 

: J)l (fl 11 ^ T jI„Uai X jOuxaII ^iii-JI 
X’ = X - u s T 

j.\irf>*ll ^jLiftJI jjjlJI JijlSj c I C, uK \il> 

f = c/x = 1 

T 

: jJk f ' ujiljll ij* Uni I JJjlil 

f = -£. = c 
X* X - U.T 

S 


f = 


( 1 -u s /c) 

t^y* Jil JJj-Ij C(J Mill U g ix j.ut j i^iSljJll jt I 


(10-33) 

jj— II 0^ 

: < fjjiu UJI 


f = 


f 


( 1 +u s /c) 

CtjxJI |‘i iSLj 4 j^Lu j.l irtl I 1 4*u t Uq ii> k-kll^ll 1 »J if. 

•jL^VI . ( C i Uq ) ijJk cJj^ull utljail ^ ‘.-‘II 4 Cu*all null 

<JLu • jJ-«-ail *l^jl v_iiljll jjl^La Ijl 3JL^ ( ji 

. j.ImiI I jt I Juju (S^aJL* I jl 

: jJfc ^jamJII (£jJlU*ll JJjlil (illJu j‘n^ ) 


(10-34) 


LaitS 


f = 


c ± u 


o 


c ± u, 


X <=T 

JJpil t-oii* — (J I — t£j>dl s >* T « (jJuiaJI Jjia X £u 


(10-35) 



U n 

f = f(i± — > 

C 

• (ji sJiljIlj jJaaLI djAj <UL». : IjiCt 

II 4-t > < it l l I <C.j^uJI (jj£t * Uq WAJlIjll ix.^yunj U<J j J Irflll jjl 

c * » a I^aIJ ^xuiitL 

C = c - u 0 

X = (c-U s )/f : X' <a>»ll l^L 

■ j-* o* ^j« < i »l l jjjlll (jj£j I xft 

f = c'/V 

= c ~ u o 

(c- U s )/f 

C - u o 

f = -f ( 10 - 36 ) 

C - 11$ 

(j-Lt ^ « i m j j < jjjall jjj ji »‘i Ai i !>j V Uq — Ug cul£ IjJ <11 jj <Ll*ll ixi 

m 

C(j <a! 1 OaUiull i J I ijjSu < j. t*<Jl 1 *L^jI jj l — ■ » * j)l£ Ijj Lti 

: jM ^j^Uail JJjlfl (jjJLjjC' = C + Uq 

C + U 

f = ^ f ( 10 - 37 ) 

c " u s 

[gl i <jjALIoJI ttj ijl jJc Ui II jjl jaw Lu k 

.C'^ 

. wjSIjaII JaAJ jjjJ I <J_)jklLJI V JjL yjfi. JaJU Ul 

: ( Ultra sonics ) Ci l^aAuJi JjJ — SV/S* 

20 ,000 , 20 C>^ CiljJjjJI j* (j>U IjIjaaI J jl ? .i i»l i <i *fcl l jjV I 

rw 



JT lj-»Vl vJJjJ I f.jlf t ^lj-»Vl y uu cl)3 (jt JJjltl jlj Ijlj t j^jX 

q % ultrasonics iJI , j g £>u llx m jaii>«H ju.il *lcj • < «*I. I ^jc 

1% g fjc Laioj < oljJjiU (jCuhiVI ^UI (£Xii Jaiiji JjVl J\ jl Supersonics oL^>uoil 

i Cj *j*ll Cilfe^i ui liljaoj ^ill |kLuia,Vl tliil giLiq oL^ixll 

. CUUIol^UJb 


^jll < jijljill t-iJUJ La lf**i qa «L Uu 'j q JT lj-»l *jil£ JjJa Xaji 

I jU . jSjl^ill ^jJI Piezo-electric <>lo»u>^SJI *jxUa)l ^jlg. LhiLmI x>i>j 

Lijicj < Ljjj SjjiJI jUj! j t i l 1 JLa-fcj ijjJL lijSl 

J7 lj.il 1 1 if jXhAjj < i.tJij Sjjliil jJUikll XijilL jjlij^kJI JLaJLl JJji mlj 
. i jjUI jLul ^|Ja JLaJI <*nlai dial Xija ol J <Ua.»m jji 

^ im*u Jlu jk yJ|j < jijlj£JI ji 4 j > jjln SjjL j i rt~fc t jljlj£l I wXJli jlxcVj 

# i^uuiIxm Quj^j <jijJL jk j | Vij jiilx« 

jj Ul j t _-*i 1 >1 >~iVI cL Optic axis 0 <All jj. r»JU 

i^JLJL E, , E 2 , E 3 electric axes ^LijfSI jjL^t ^ uiju L£. ^Ix-JI 
i i jjIa^ LmmI Xa^jjj .(YN-\ ♦ j£L2i jlail ) . <i(2kjli JiiuJU jjk Jl J U>*l 
jj <Vi 1 1 Jji i J— «1 A nl-i £jJaHi« Cl*^ *4*0 ** C«Lxl ftJiVI l jJk Mj , M 2 y 

■ ^uiIXuJI 



TNA 


of 






O I : Ckuuijtl 4 II <4^CLil 1+ijA.I jjL SjjLII ^Lil 

£* J^J-aLaJLa (jl— a^jiJI ,' ijij -»i t djUJJ l_» <^aj U^i 1 1 * lr»* XAJ i 1 » LJ I 

JUiil £i.t i )» JLJI ( _ r lc. jjjJL* Jl jjVi 'll! jlc. . 5 j>LU |^H uaJII 

JjJ Lflc jX^jj Sjj-U I 1 1 JJ— a*H *Lajl (ji JJjJL* jjLulii-* 


. <j j ♦ J SJV I <Luj4^1I SjjIjJI ^ TT — N • jJLuull i^j. <L juui 



^ . jU-itfl - jfcL-^Vl JjXmj o^b-VI L) "}^ ‘‘‘ ^ 

^ ^1 oVVI ^ (ji Vt ^: < ^U^JIoVLaJI 

li , JJ. ...< jl jjUui LfJ J^IJI i>4 Clil^ I j) L* 0**J*-i 1 1 ( ■ yifcA* 

. I^Lamm #lj5l J-»aII t^l (£"& 

■ * l.v.< V jl jl Jl Sj£i ^ ^ wLSSII <fi~ ^ f jlWu 



jj-* <*ij jjjfjill i J» L iJajjjj . *ij I uj In I ^Ij^Vl ClljjtUll 

£\>> jjJZ Sit- ( _ f L*. ji / JiUfc (f ’\ Jau^jll jji J i u lt <L > -» i <t Jjj-ill £ Ij-aVl 

(£ jll < jjjIjiJI i_.ja.iiLa al^a <aila «aaj .iaja villj ( _ r icj • CtLa^LI aj^J JiLII Jaaa^l 
^ajj <Ajom <ijJLa^j . l| l«ha«ai (jiaa <Luj-fi 4 <A j*t ta..i-k a < . *Z A il I <a^LL J» t'lj 

. ^uI^ajVI juuaj (j5L»j t_iLV ljt_iLull 

<_ulj i*ill .U,t jl^ll Un^D i ii a a Ij-atla ^jJL ^ j t a i ji | ^ ajLc. ^ 1 i njj 
(jic. j I kill galllll » u"(j Caj^UI CiLt *n*Jl a Ij-SkLi ^jla Lai < <a-i <LaajjLll ^1 m^Vlj 
. Lf ia Jilijl (jjjlViuilj If ljil*fc~i £/aa LaaJLbU j^aj i <a«oLL JaaljiL 

: (Fourier analysis ) <»*I1 

i.a jill L.jLJ Ojjj <Jlj Li Jl Jk. Fourier theorem <jl> ,U 


. <J I jl I idij J.lja] 4 lr»j i .il oLLftlak a If^ltiJja 4 Lmj <-jLiljj f\y a % a ^Jl < 1 ^ hl'v'i 

I l-alf Cu ) y i 4ajJaa (jjiLii «LaC 'iija <a ja j ^ I ji ijrjJo^yJu jjja u»j) ( TV — \ • ^ J^ia 



Ji yi < jij ”. 11 . a Jsj-mi fjJ^j . 4 aj *1 1 Laib ^ * . <^ljVI <||j jj^j — S 

V iaaa^jll 5jj <a I fj I ji i LfA^j (jli la I <^j*a I j *■ > ^ J * <jjjj 

• ^ JjLi^ljl Lfl (jjit <jl (ji*J 



. LSb c»jS ^Ij^J (^1 

X — f (COt ) : S j V upJI ^Jc <Ujj i <ii iJm~L* uj^ I 
2 Jt f < <j£jll JJjilll ji CO < <j£jJU ^IjVI X £ua* 

. Jjjlll >* 

: ( jj!j l*£ 4iu»i 4>ia* ijjjua ^ic. X <jl£jJLI <L^ljVI ■ 

x = a 0 + a ( cos ( cot + 5, ) + a 2 cos ( 2cot + 5 2 ) + ... 

+ .. + a r cos ( r co t + 5 r ) 


- Y 


x = a o + Xa r cos ( r cot + 5 r ) 


(10-38) 


r = 1 


■> II 4 U i hi ill 4 cLijll ciLjl_ui jji a j , a., , a 3 , ... 

. Uj6^5, , 6 2 , 5 3 , 

^L«I <.ij f\i *> * (jJj (10-38) <IjUc* J^IV i 

B = a sin 6 & A = a cos 6 
.*. x = A 0 + A, cos cot + A 2 cos 2cot + .. + A r cos r cot 
+ B , sin cot + B 2 sin 2cot + ... + B r sin r cot (10-39) 

ijIa cil<4j t J>*>U <aio111j <1 jIaII J*(£t Vjl A , B <ijUI! ojIjj quju^ 

: ^Jc Jirt^ii T = (£jjdll cLIS <jjjj (S^* 


CO 


■If 


x dt 


(10-40) 


cL*l£ <jjjj jjJc. cos r CO t jy» (10 - 39) yi>ia f-* 

: ijlc 

2 ( T 

A r = — I x cos r cot dt (10-41) 

* 

f Ij^kL sin r cot ( jmt (10 - 39) uj^ai B r ^u-i jL^jV 



: <Ll^ Ljjjl iJdkt£ll I 

(10-42) 


2 f T 

B = — x sin r cot dt 
r T J 0 

<-k£ dl «^>ll Ca»JU Ullti .LI (10-39) CuIjj fJji <L » J a.4jj 

jJk L^la (jl JJjj 4 i Lml lfi« J£ Jx-»J • yli X — f ( cot ) 

• <^1 1 <iL«V I I ijfi La* 



*Ji.i 


:(T 
If f>>! 


y = a sin ( 2000 n t - ) 

17 


9 <LLjll tj*jj jjjtfl jaj) 


( 10 - 10 )^ 1 ^^ ^UUL 


. 2k 

y = a sin — ( ct - x ) 

X 

20007 1 = — c 
X 


: (jl 

: I iA»1 


2 71 _ 7C 

T = ^ 

X = 34 cm : <^>ll J>L ( jj£j <Jj*j 

C — 1000 X : jA co<<ill uj^b 

= 34000 cm / s 

f = — 


= 34000/34 
=1000 Hz 

T = j = 0.001 s 


(jjjJ— _ll u— *>ll 


: (r -^) JL-l. 

UUJjj liUj <^4 <xijL JaI (j* iTi i*> > < ^Ok 0.2 ^ui 80 <|jia L_ta> 


rrr 



Cil j c^aJ^ll JmJI jjk U . <-utoJI l ji <j ju j 250 

S 

: J *11 

JLuUJ JljLVl So*j<££ 


m = 


0.2 


80 


1 

400 


T = v 2 


v — n X : JojaJI ^Jc itjjui 

\ = 80 / 2 = 40 cm : Jc JL^I JjL 

v = 250x40 : oUv>ll <£>uu 

= 10000 cm/s. 

v = JX 

V m 

: jJk LxaJI jji jJull QjSLj jL^j*a)I Jj^lS ^Ihj 

m = 10 8 /400 = 250000 dyne 

. L*lj^ 255 2 iaj^JI jjlc liU* ^125 tiilj 


:(!->•) Jl-1* 

< <Lc.Llai / j^L* 100 CCjmiJ jJj -fc "|J JjV I £-4 1 iA«l >J> (jljlloJ 

. jjjjfc 500 Lajj jj AjLLiua JjVl . <c.Uu / 80 

JjLij I jj jjjJllI j j ».1_> $ ^yLill jLLill JiL- 1 1 m> mj jjlJ I SjLL^aII jjjj 


*? L^UAjmi jjljUftltl 

: J— *11 

u s = 27.8 m/s : J3VI jlLill ?fc>ui 
u 0 = 22.2 : ^liJI jlLill 

. iijlj / ju 340 — o Ijfll jji c^>ucJI 

. (10 - 37) <JjbL. yittll jUaill ,> JJ >JI 



f = f 


c + u 


o 


c-u s 


= 500 -^TT = 580.1 Hz 
312.2 

jjjlll j|iuiu ^IjLLaII JjLjj lijif 


f = 500 


340 + 27.8 


340 - 22.2 
= 520.2 Hz 


: ( ® -S *) JLJU 

< ^uui 48.6 if* <L»JLu-* aic <1 ui <ULJU (jl I ji 

jkj • “Ij-fll jj Co^ll ■ r-100 <i- t f ■ .J »ll J^Ja 

. CuIj Oi(j ~ ~ d I 34 JI KiCjil I ij I ju * * ■ - ‘1 1 

12 

/ yjlj 10 — E <.ij«rt»ll »jL> < ij> l i,UU-« 

V^ojj / 8.5 = P pod uxu^aII SjL» <ilu£ 

1.293 = Pair 

: J— 


A. air = 


48.6 


x2 rdWI^Ju^lO^ 


= 19.44 cm 

; ■ . ■ ill i jl* ,ji <ajII J>L 

X rod - 200 cm 
( v air / v rod ) = ( X aii* / X. rod ) 


v rod = 


p ( rod ) 


Liji 


v air = 


19.44 10 


12 


200 V 8.5 
= 336 m/s 


rr< 



v air = 


yp 


7 = 


p air 

p air • ^^ >11 

33600 x 33600 x 1.293 x 10 3 
76 x 13.6x980 


ill Pi 


C p /C v = 1.38 


liSl tu (JjVl al^ll 1 3j . jSjji 1000 Cjj mil 1 > (*i» JS 

IuIjII fji Ctlijrfill JJt < Lilj / jl* 1.8 Ixjuii <lfr I.Ul u ^ilull liljaj 1 «>» 

5 Lili / jit 330 * I^^JI ji I jju Ufi . (j^aljll ^ JS 1 1 > • < uj ^ill 


Uul ^ US jjj4 1000 JJjL <Xk ^jjl C(>ball JjVl 4jll 

vta» f ’ ftjaS jJjll g* {fill CouJI 

f _ v' 330 

^ ’ ( 330 + 1.8 )/ 1000 

99.58 Hz 

> Ij yJ* 5.42 j^LJI jj^ll Ip >iiii ^211 ol^mil jjft (jjS «illj^ 

U^LJI jjjll ^a jjiot I jjjj ^.ki nj Jjkll I al^ll i u'llli 

f = — 

X' 

- . ( 330-1.8) _ 994 54 h z 

(330/1000) 

. Uilill 5.46 Oa IfjAutll oL>mil jj£> jjjSu dljjj 


m 



:(V— < «)JUi4 

; V fk > jl^nJ i.i^ i nil jjt ^JuLJI II JJjj jjl CujI 

(jSlH-^uLo)n = 

I f I^J I ( jj I C iu^i 

^ Whr "T” ^ • 4a>U>jll JjL ( < ijl^uJI 4 aLuu A 

: J— >11 

jwi^ *!> ^jLiJIj JlljdJ v_ijjjjkj oJjJI # I^ji jjl 

<j| . <Uj«ut cuilj: <^ a pj < jtjl.u.J) jjc. 

X <-il • iJafcljdJ J-i (jii j^ll L* i ln~kl 

, | Tl - \ • ( J£x£i 
A X = <^La>*>ll »(iA , fi^Li 




A x 


AV 


v v = r^ 1 JS^ 1 

^ SjLjll l jjSu <4 >a tjjjli ( jjjluj j « *|>fll <^x>ll lULj»-»>a K <jl£ lj| 

K. — — — : j'jjk ^ «-t> -fcll JUiiVI I jfJ a >_>"*’* Li «J>11 

: ijA u^c. 1J£II ijill ajfcj 

. Ax. K A 2 x 

k — a = -t~ 

<ui^l A ^Lill <a! i »< Ini t All fjk SjLjJI LIa 
/ Ap = 

. ,I*JI ttISp 


/ A p . 


d 2 x 

dt 2 


KA 2 


X = - CD X 


<Ujhm * jj^j 


rrv 



2 KA 

CO = tiuA 

V/p 

co = 2n n jUj 



: j-lu JjSU 



:jA JOjoil JuSutilJji 



TXA 





: <J jLaII <ja til c^jj^ ^O’ 4 — ^ 

y = €.1 sin ( 200 n t - 20 7t x / 17 ) 

Jac GiIaaIj^I J&J-* (jc Ijmm X Atu <JojIaJ Cilj~ ajll,L ftjjJu <aJjVI y 
Ot-wJI t ,t«.iA l+l <JjLa_» < <AjduJI < C_a^II JjJa 1 JJjjll : , 1 4 U.^111 

$ ^Vl <+jll ftlajl fj&A. Ijk jJ fiVi IfiSlJj 4 JJjiil t 


( jM lom) fjM j ■*’**“ C^aJS! <a^juo 3+,j_a y = a sin ( (Ot - kx ) <JjL*II J1*S - Y 

J-a^j! . t J-lc. X J-*j jjJt <Joii <^lj| (^ruj y mil ftLajV I 

U — 10 m : (jU l«]t ^ Jo^u^JI Ciliijal 4a^ll 

co = 6.6 x 10' 3 s' 1 , k = 20 m' 1 


C<j-«aJI Kcjmw 4 Cjjj* <a.jJ J£i — - ^jLawj#Ij+U JOamII JmLila <jl fJc Ijj — Y 

Z/ j 


^Lftjjl <^j-1a <a»jJ J£1 C(J «a!I <cj-uj _>jju J^jI . <mjIj / 330 * (j+l I 

jl+jaJI ftjJA O.lwj fU 4 Jalj jjlL* 50 JJjlj £iJuil.l C<J ‘ < nl l ftjji CljI^ Ijj ~ i 

^ | J.‘.‘ ' ‘-‘ l ^.‘ CaamiaII JjuiJI Ja^jl • ialj ^^11*500 4 a*J 

1000 ftJJ^t C<>ua ijLuJI lajLa> ft L^j i Li^ac JjiVAJ ijlxui - 0 

LS ~(j ‘-~n ^ * ■•* j jjj CmjUi / j^-a 18 Sji i ...ti <x.j_ lU( ctil^ I j| > jiij-A 

, ^ vli / ^ 330 * 1^+11 ji entail ii^ui j 5 ftjLuuJ I JjLui c< a i iu 
P<l*iill XkC. jj-iuLi ( f i Lujj* ijji Jtjultj 8 CjjJu jl ^ A — *\ 

■**(J - ft J ia ‘*H {jJk 1^*1 A 30 J ft I ^Jc '**(J • ^11 ft Jaw Jft^l ■ Cl> I^aa 40 

? ■ «-a'II J\ jL^aJLI ftjji ■**■ ■ -~»‘‘ I I jl P JaC 
J » 4 “ ■ -I < ^ IimII JumwLwVI Lr U*j ^A 0.9 ftjJftA >L^H3-wa kilLui - V 


rY^ 



JJjj ,ji y ll jjaIJI X»<jl . JjVli xJull ia )w4i <1 0.93 *jJa2 liiLuuj 

^^UVlU^LJ^Vi^gJJl^^jlIl jJulljMly. ^UVl 

< 8000 l|*iil\^ <jjia 'ji <L‘iii.< <jljJLuil (jjjltuu ^Ju2u dim — A 

1 •itir J_jioJ I I JJk JJjj Xa^jl , jUjA 256 LAJJjH <L*JLi dluJI u£*-* JjJ» 

S# Ul fji L*L*j j««j 

• LH>fj 40 5jJL ^u7 6 <|^]a dim JJjJL* jLS ja» - ^ 

dluJI Jjl Xa^jl 4 * iou* xlc. t.'llt JL (jlUj %j fcldnJjj fjujili #I<Aa (jujlwUi • 

jJoj^j X^ / ^y ^ 8800 dlmll SjL* <il Jj'b L*ic jL JI JJjj Xa^jl . ij-JuJ j ^ |_‘ 

5 1 till ml I 

oaj .#111,^1 ( ^ l irn ll lfi>lqj • L-i'lj fu* 60 tfro Ijjdl - N ♦ 

tl/j J £> J - * J p*Ji 48 • fm 14.8 #111 ,\%i #|>* <^AA J^L (jjJu 1.4. tic. <i1 

# IjJi 4j, •. f, « Lxi J £».t vj jjjj JjI J_a*jl . j3jX 512 Lajjj# <ili J £-4 

$ IjMjJoJ I Ix» ijjfc !■••**& ijJJuVl 

5 0iUI C^jirfill JJjS X^jl . jil 2.5 l| *7“^ Ujli <a»Lkj S jIxmi Icjmj ■*“ **- ■ •• — N\ 
CgJxjill #lj^Jf fa* 2 JLjJjII ^LJ^j fjui 2 ia.Lkjll <x2j J[>]» (jU L*Je 

. 1.293 

1.41= y.-.^ j- -j L.i.x .-.^* ^.*^.^*11 

6 . 

. tjuti / (jjlj 10 = vy Li 1 


rr. 



AiujJbj *>ua]l 


: *>ill V 1 —' / ' ' 

— <1_i ini I ^>( niTiVlj . Ltjlj^JI <121LII£ ULUI ^ 

^IUnVI iilfi (jiil^ul J4/L <>L jl i ^wLt J4)L (jrojl jSljlt l| tUliwI Jmj4 — 
UaVJ Cju <iLl* yi gjL)j < (J dUuLlla^kj|^ll * t l LJ I <>• • fL-u^Vl jjJft 

. ( N — N N ^ ji lt£ < * lj«*>l I Cttj lu«V(j mlnll ij% t J 


rn 



( ' — " ) J>»* 


£Aj i rtjtntl 


^ M* < ^iVl^l jjj_s!I 




f«XJ ~“ , ?~ ‘J 1 


"A 10 


(ojrf**) 'A 10 
"A 10 


6 | 

• f ) 




IR 


( H io" 


(» io 


10 


(pS) 10 X , -T- 

io ~iL - i 


j3>* 10 


20 




UHF SjawaS^I^aI 


10 


19 


10 


18 


10 


17 


10 


16 


10 


14 


10 


13 


10 


12 


10 


11 


10 


10 


10 


10 

10 7 

io 6 

10 s 


10 




<iLL» l* ij j jjjp£ij jllu LajJic.<i^u J(1 Li*_Aj^5kJI 

oLpp jl OlioJI ,p oL^ j£ulu jyit iPljll <jlLJI iN« m ^La»VI » Ijli i^a ^J| <j4jJU 

<J_«£ ,yit Sjjll p «.!*. / > 1 1 (jpjjtfl Jpa . piPaUa*p£}l kJLJaJI ( jp ll 

< 3000 CiLa^jI I Jljlol (jU la.j i jjialll £p| pp) . ^imuJI pll <jlDI 

<t 3 hli jp < ^ ^ i ii >*>»)( ^(jLiJuVI jpalll i ijlfill j4 ulalll tiU t *- > ‘ ^jpjLuaJj 8000 

. 4ipall CjlapJ <k^Li (p I ^IjuiV Ij *jj ■ -~*M oLa^ji.1 

:tx LLp^ ^*-p ^ » 1 <alc. oU.o -^ ■ -^ l(j 


. vli / pa 10 X 3 6jop <C jaau » jiAJ I Jfi'n — N 


. 3jui»V L JjlaIim pi I p^J <Aii"ii ii » JcpasL p »p*cJI CiUpji tllj~fcT> — t 
. £jpil p JLiliVI Cil^ppil jjiaJ j] <J J2L letup oju^JI £ l*t-fcj V — V 

JaC J I IlClJ j| <J j^AJ l*P 4 <(j I lot I jlfi Jll^» *IJ j)l >J Irt 11 j^AJ - 1 

. P| Ja-u^j p <112 IaI 

^11 IjpUa <t plii IP JaljiL jl <J jLw dljjj < Iaa^a < * j jl» ajaaD — 0 

. JJU Ltai tillj £ja£ jt'rn >4J . yllnl*>iaVlj 

3 .. .. .LI *»■ 1 1 j| <ijp^J| oVI^JLL jfcj V — *\ 

JjJay f JJjJLlI L “.jjj J^L Cuili h < tJJkjj f i*ij~fc hf aj-iasJI jt iii iiUo — V 

: <jbUJL a j>uoJ I <c.jjjjj X jjppll <a^j» 
c = f X (11-1) 


: fjPalt jam (pl^S-Y I S\ 

4 1 1 ■ ■■! .* jjl^al ^ja|j Ukp£i Ijki LjI^a V ^£jaa ijl LuJi jliicVI jK Jit 

4 <P1* <]LjJaa »j_hal I <c py lyuLli Jjl (£>ab(j f )-*■ pjj *1*. <jl P| 

< ^.Lt pL* |p iypA Lm ill) j jjmj . ^j*i it>l 1 cip jLt^l xa! L^) nt^ 1 u < ^ i^* i m l 


m 



. <j(*Lu<VI (|nJ < fjAjVl ijlc 1 jl *J> « ^iiLi jfekCA** 



S »j »Ali (jpM j.l m >• j4 ( N — N N J£*« ) jjjJJ ij^jll <k,«ll jLfAi 

d .X .Xi * . «. »•. Zlj *. 2 * *. ^1 1 2» .%Vl LS ...~ >.j . L| Ui <Lin(jj 4*n i»1 

till j Jju dj tJtll £ jAj . L>2 Sjjj ui Ja^jj I 3Ja2j jlc. friJ fj i ill (ji&u Mj 
<_»V ^init jjl Jja ( ctljlijl*..^ < * «A» ) d <iL«-i JSt> J 

fjttia <jA~>i.« <«,iiiVl (j>i5k* >ji M 2 SjJlL* i \ja gjjc. L^ac iaitull 3 j u «V I |uaj Lj 

itAtiklll > Iiai sijll ^Jc «L>i mV I Liii.n liiiiMu ^ <LLiill Jjc ijA £ i^7(j , jl,i all 

. ju^ijll <^c LaIj^j .urJ Mj 

U ^ -j ■ I <Liill jjfr jmIj ji W ^ * * ■ ■• * <(lax ^. 1 ^ 

jaj <iaall jljjj iic . ^iiVl Ll jw au» J^a <iajdl ijljl j^u Li^ • l|jliiwl qjj ^iJ LI 
^i^uJI <UiaJ » nt- « wiiu* « I jjc. ^LiUkii ijlx. >XaJ« Ollmj 

kU^ljll (£j4 tiUj^icj • LfAjjJa (Jau (Jajmj V I ■ '**• jj^til O.iitiV I ^yu UmVI JjjL 
J4 UlL j1<aII Ijjj . jAiiMA >J|<»^ lyo^j ^JLil* "‘ S jXukll ij^tA 

ij-lt il jju t_iLtV I Q^liii £gj *La 1 i 1 lAti Ja_J • v Ujll t jk Cj^lmu Qu ^ **- * t j4 


m 



. M 2 51 jJLI 

< (jljic. ji'iVi <ajJ J*«u < LajjJj <L*il (0 3^jljJI 3 aj*JI CiJuj I jl 

Jjjj OLmVL 3_ll I Mi 4 >Joa)I I *■*»* dlljj I » .-»ljll 2 » ■ -‘11 1 1 *1 ■" J.l .^1 1 

l| u ^4 jjJI ^ li II ^IJI !^uJI JU >ll y4j yj — d <til»utl ‘ ** ■-» ^1 — uluVI oluu 

• i«l>»JI m* £>ydl < obijJI fji aj^aII 

.hll oili 4>Aj >j <rtJI >ti^j jj-iil «ill j >.*■ iA ^*..*a. 1I <x j-mJI oJLtj I jjj 

, 2 d ULu »jinll ^Li Cj*j (jj jyJjVl ^Auill Ja>* <jJti]l <a1a)I Jm jl < 
ill <1^*11 yi (jl^uiVl jjx. (jl jajii ULuJll * jfJ #j^aII ^ki j4j jLauYj 

(£? • ^jljJI yi l^jljjj jjc n 4 (0 = 2 k n : yA ^1>*II 4^jljll HtjuJI (j|j 4 Llui 

I . Cil.Vi ill (j a <£L^j (jlLuuV I (j* m JJ£ jAjjj , Culj — = t _jJI 3i*l£il ijjjll £y*j (jl 

Jaa J-k_J (j-4<u Jliiil (j*j ( ‘i * 5 lj t ijjjll (j«j (jli Ijli . 2m c*l ■> *>il (j (jlLuiV I jjc. (jl 
j>i«o <11 hUKH <JIa (*^4 JlilWI ljj>LULiji _ t ,>*< IaJU 

« ill 

< aII 3aaa(jII <jj_)ll <1 La C*jj1&I I jl L«1 . L«Lm Ij O j ti pJX. 311a, jyil 

. JiLJI (j-»jl I i ,i « >A j4 l* 1a « a | tij Ujl i (ju (jajl I (jj^J 

LaJuc j.Ua 1I » j >*y Jj l (jl Jaju • U«i720 olj 31 aa jj^i ^JaLuJ 
l jJk M 0 & I (2/lUi‘JI (ju <i l mi l ojl^j • <u(jll (yi AjjJ 12.6 <1 aaJI oljjJ «4JC (j J& 

. Iji*8633 

: ^4 <jui <aIa1i jxi <1 ajJi jui jinji jAj Cxs^i yi<\j 

1 / ( 2 x 720 x 12.6 ) 

(jj£j «iUj yJfiij & I(jM oLuJtl > >i ia >j «aI I JUul (j^j juL ^4 tillj 

: (ji (^i <j«*jii <*yyi ^ c #j*aJi <cj^4i 

c = ^ — - = 4 d n m (11-2) 

( 1 / 2n m ) 

= 4 x 8633 x 12.6 x 720 


rr o 



= 3.1X10 m/s. 

If-ftJki < +£*, aJI <Jj j!t£Vl c-jjlaJill 1 1 CujaJ i‘u i 


: Sftualuitj SauJI j \ S 

Sj—U(3 L* j,A £> * I*> 1 1 »j iAll *Xmi Iji <ti A-I.J ^jjl fJjJI jj! 

<j i LfjU P3 >A jXum i* L ■ A 1 ^ L-ijJMj . 2 *‘j • *■ ^ -»~l ■" » ^jlc. HlaiUoJI 2 # I ■ ...VI 
u* J(>l«Vl sju { jlc. <Lc. j >A >-* oLa.LuJ .1 2 x^ 3 (jJc L>43 * f ■!■»* «**j ^<ill *34 All 
> tjlnll ^y» Ujx <j <_i^3^3jill oLLi I f\y (j) ji mU^j. jJ < rtl l 

Xc <^33) L 1 4 <»l *atfc| ^ iruij <j(j v tjlrJI ^(3^*1 Aj-tx. (jc j 3 • *>33 < 

243^311 <ilLJI cdL <L^3 »All <iLLJL jjaii lilljjj • ijljpH jl jjLuiV I £jjx <1^3!^ 
<ib < Ui • « , iiUll ijjklll <il*jll iji 4 ^<njtf>l*i 4 * 3 ^S 3 l^lji 1 nV) 

<->^ 3 »A l I iiLUl 2 xa^ <Ljtfl I O J V i I X43 . jXuaII £y* iti> t >t I «All t jAj ill 
<— ij» “»> JjV I L»| . <UjLc. <>«!« jj <A(SII jjj <liulLI ^ *\j • -*^ <JUJ I Ifiu Lkj,xS oi^c^ 

T 1 

j-* ^wuu ^ Ujii <^LJl 1 <a^3< All 2 j 1 til I l^Iu cilx^ll ^hLl»jJI ijh 3 L v.stl 


j^yxt 101325 Ula 


I I J«^*i <0*1} 4 ij 1,3a. <ajj 1 4341 1 j*- • qI--“ 


Jc 

<AliJ I l jjk jXuaJLI fja <* « 11 1 1 <^3 4 All ULLJI 4 j <iLj ^\j - All ^jAaAll 

LulAJI (ji Jtj ^jJI ^AxiJI yAj 4 " <>• jl ’ ,jJk (jA3-4-AJI oAaJiII ** La OJ * *^( 3 !! 
• 2xJj <Lxi <jxi Uit { ^yua jXoj i>(u LxjioJ ) ix^ll UjIjLi 2* ...». * 3 ^j|j 
5540^3^* J 3 L <J ^jll 4 j ‘ A >V l 4 j . A ll cH^aJ 621 jjl <jj.,^.~JL Xa^3 X^3 


. IxJj ILI3 ^jjluuaAl 


XX'X 



Ajji Li^j^A l ia_ii 


i oUUjVI ^ua> ji y U«~t <LjI* 1I (jl jdkj JjLJI uLjjuII ij-\y 


i* l « A i*l ml 6 J_Ju ,‘| i fi-M # ( * j | tij <jLi girt fan ^Jc ej iA ) I Ul 1 11 I jlj . 7C 4 

ij—stfjj <ajLjJI ji <a! mil AJ -Afj i jie. Uil mil #^_uaJI 4 _i«^ ^Jk ^JaaaJI 

JJu 4 jj4.h» <^Lum^ 4» LAIml l^jU Sxa^ll AJJI Lux 

• jlll (jJ* Ij^-b lA\>J ^jLu^Sj^IjiLjjj jj— M < a^!j ji* . 

>.l li oli Xac Ljj-IU l 4 Kj < J.Lfartl I ^jC. 6 .1 H I ( j_lt Q ln< ut 6# 1 Irt ImV I t ln l k_J^J_U 

F L^A 1 > Ati i1>» h E <^S IjiXuAd* li*A^i IjU . s- 1 ■ , -V I 

E = 4 ft f (11-3) 

ijjui <jj5kj 1 & r o ln^ jjJoi LL^j ^^juAJ I jXmII l4Jkj£j_4 I jj^ iQ 1 ! I ijj 

f AjJxi I Ini ii (jic A# LAxujV I 

4 ft F 
4 ft r . “ 


I, = -^7 J*> 

4 ft r ‘ 

2 

: 111 ill I Jjic 5# l<Au mV I J-ti 4 > m J I 

(I,/I 2 ) = (r* / rj) (11-4) 

. niil iTi 4 Otialuv* to LlaLi ^ i.^j ** # La4 L» ^Lui toltAxuil A»t A ^jl ^Jc Jjj I JJkj 
t-(j« ■“ <JL* . <1 i All aomII i jj^Jll J>c qUhJ I jju £* L»‘i^fe 

I ^LtouJJ 6c LlALuiVI 6lw ("]JJ <&UJI ( ~i i 0 £-Lmll t jJc 4J Al^il ( ji OuliVl 

: ^ — I Q Li^JaC OuIiVI iajXm (jl£ jl toliAlmVI AXiij 

I = I o cos 0 (11“5) 

: - t I \\ 

. ^jXi-o-4 S^LlAJ iIa^ (j^ L^IaAImJ jX oI>l^h>a1I 


TTY 



* i> ££—<»>» t> U&i >HKH W* 4 ‘->A^ £, l^i 

^ ■ iA jj . jj,l*rt U I 4 •> \ > »o I > |*m J<rt >j Ctjlj U~i i u.« ^ j IjJLa tti (af Jc I,* |1» J£ 
jjOik <jc. l nAJtj jjLjJu^y < ji^jjJI <J it l <jjUL« jljll {jljAt^I I 

: ijA (JjjJUaII (jo <t«iijJI (jj^4 {jOAjill i* I i^*>>til iXtit 

(E, / E 2 ) = ( df / d| ) (11-6) 


vjxijlJI ijic. jl^jiJI jjc {jjjJioJ.1 ljJU Ua d 0 & d, i1u-t> 

J>* jlSki j£illl <. ~ l U . Jjj {j^*j j] < tjjkjjj Cjl 

. <xulafc L/ ic. i* 1 i.ri'i i »)l I ixilt ^ t Lmj 


»J »rf>l I A J If {Jl>^ » > I < A {Jrtil | JjU. |^k Ej & E | {JjtjXuUI (j>* JkiAUi 

»J utl I jm ■*» ‘ **- < l.tK LuitjjU I »J irtl I {jn*C < 1 1 tit > M iV < C & B 1 |J 1 j iall U^~ tit J 

— (£ja 5LI I I •(* ij ~ (j t i < <■> ~>‘i > .lie. {jyLt^>jlIL> ^ <<>£•• — D (ji 

jJajI ) < {jjjj*lujJLl *jL» jlu<&jl {J^Uc* {jMii I 4 J ^^lll 1 ^, 1 11 L lji£)l SjL* {j-» <Juij 4 « 


<*ULI JC ^ U. a— ^ Vj . ( X - \ \ JUi 

A 



\ta 




4 ti n i » C ^_yk ^jllil ftj.All LJ£ Lal^l'tl *‘H ijj 
<t» >t * JL clij i±)JUkJj . <JAjLaJ I <ilalll (jjJ | ^Lu^ll Ulalil jUI JuaIjII 

H tin'll I jJc I j K oil I tj i All .1 uaIjJI •*■ 1 •*- • B jj_JLiLI ju fjLiJI *j . ^ H 

, ju^ljJI tljj ^Jau^ll illalll ' * **j L«Lj < 

Lalu « E[ j.> «<r>l( t jjt Su <jfr> JI JLay yk (J JcLA<Mjll 4ilnill SaLa^j (jj 

j4JU (jaj ■><<■> all 4j^j i All Stimuli < E 2 j.t irtll £yk Lfu 4 lnj ~b t 1 <aLu 1I ftaLuaj ^jj^j 

LjjLi.il. ft T ^ . M r ,ll jj <j <> J I JLa-ft Uj { JL* , <jt r j & r 2 Laajju 


. jjjJ>/uil O 4 j.AH iifalll | 11’6 j <Ijlu ^Uj Jaj 


:(Y-\ 

<.«..ti1 C*jL£ *bt < ^ in ^ > u ^bu 60 .U.i j J « 10 iJjLa 

jij|j < ^bty 100 ^ 11 1 1 jc ftjAJ jLa (JILaJI Jjul t (JaldJI ^Lc <j4>* f 

9 (jrLillAjI jji JjLkJi ft* 1 1 rt“l 1 III ^jJu (j[U (jjLi 1 60 4olc OuiVl OjI*a 

: JaJI 


1 1 & It : LfcJ> (^oIIaII u* ftalfiirtl.iiVI (jj ^ jft-i 

1 1 _ ( 100 ) 2 cosO 

h ( 60 ) 2 cos 60 

25 1 = 50 

9 * 0.5 9 


:(Y_U)Jti. 


jk . ^ “■ 84 1 “ »■ .11 j 1 <JLjii48 j»VI Sj^j 4 L. i\* 27 Lij^i 5j* jIaLai 



imi (jl UM La^uj J-t^ljll JqaJ I ^yk <Ja 2 j jjl 


(E,/E 2 ) = (d’/d*) 

il = £l 
48 d ; 

d i _ 3 

d 2 4 


: JaJI 


tjjj j .^>u c$i x*jii f <« r » HUi*t ji jjjlrflill (jj S VO-4M«-iJI ^l/iu 

. » UiaVl ^LiaaJI i_<jSt t j t Sij % <4;3 <?,tm*ti 

■ f-ud 48 >.ia .Jfll je tiuu < ^xu< 36 — ^jj5Vl ^LuJI ^ ji^>ill iij .*. 


: *>wall %A#bj ijIjiaUI ^ 

< <JLJuJI ol »«i^ll Ja*« t j-» >j ioll jjl LjjJ j * 1 oil 
<j [ a , t<f I ^ L^ ? V I J^UL jlilll Sjjhiil l|J jj| l*£ < 4 * j*~*‘ ■ ■■ *■ ijk jj-“ j jjml I 

l 4 « ^jjJoull <LLtulj4 (J&aI . <jj j Irtll Jjifi ^l&uVIj 

l^jti nil <jjlj ^jjLuiy »j ■ Al i j'ju&ul J la < »yw*li jJlIjia t ^A«j J *"** 3 <> lH*“ 

< (JjfeljJill kjiUt j4u4i jc c<j v jLu^jVI *^aU> L*5t < ^uISaiVI 

ijj-Juij L^j l*n.t (j < ^4uVl Ji i» JI 4 a Ui Uj irt^l tmt I |1j *1 .iii • (j^ll 

i> yjf* ^ cr^ < #J4^ jJlA« ^ lit l^J J4L14I I » | ‘“ Jjull I 

■ I ? |H all 1 ^Jc. CtZLa^j L JJI (S-S* OiJ** 

i^ka (jJl jl mil jt >j < All j * * ■» *" 4 <»■-.. ~.ll <jjJil|l Lum| Jj^j 

k^illa ^gk ■*■!•" « '*11 ^aldJ <ooilwi4 j<u ^ ♦ l ‘* < ‘ < 3 * <>"..■ » 

. 4AIa«mII SjjJLitl jljll jau » nv » jjt tj-bAll i^ilUiliul 



I (j-* j »>uaJI J|1 (jA ji L|-xij »j-wr>l] ^jjJaIII j'a j 

■ AJJk J^io ei^Ll^V Ljljj >j i A ll fjjl ^,tt4-^Jl (j|j£j_* < ^IjaI 

■lie fill t 1 M 1 jjll CiLa^iull jLt. uLt i jXhall oLa^jll jLuill 4ou|j 

1 '/> 1 1 *>a j£ jll tj (_)J J^im jmIu jl ■ » jt > iirt ^ ^ J^j j m 

^jjk J a. « " t <A^)JU jJ-iA ^ic <JLii J£ (jl j>%mt A . <‘iji « <JlaJ die. <-3^jll 

tJLUJLI ^Ja^ull (jjijj . Jaua^JI <J j oUtladVI fj* CiLa^ya (Jjuujj {£)lld j 1 • ■* 

^Iji.itJli <a^U jtlxo ^Ic, ia^ll (j 4-i, o^j < <a^jJLI jd*A jd oLa^jII 6dA £_L4LdJ 

Ladle Lj£ <a^jJLI jj-aa (jjSljj ( Y — \ \ J£**» ) , »j i All jLm lit >1. 1 ijuejj 

ijj&d L*J> < J£*Jjl ^dljUml jd-uoll (jj^d 1 a. t*i^ Ldjl^Jo»ujt Cx3^H * ^ ■_> ^ * j»t ia.JU 

. (j-a #jaa)I *i>Udll die Ijjli w.a 



ir-u)^S. 

; Sjjlutdl £jkwll ^Ifc jjjjymll gl>*Vl -HfW 

(_j| j Idle. I LfJUa (j^aJ < i^dd£ jUaJ] old 4 jj£ IaIjaI ddJU a^ua jdtd w a (jl >li»d j 

«Jidl LfJxejj a LaJjdl Jjuu jd jlld (jtadlulli . (_f ^ ~ i m a <il ( j1a ^|>*Vl *dA ja aja 

. 4djljla <juJu1 





Uaa-XY^jii 


. ^L-uJIj <a^yll jXhA di ‘Lajljll iyljjl IfiU <iAjII jji J^y. tn JI <^jlj i— * • 

l^i Jwjj J*loi i Qilmall ^Jl Vjl <a^ll jA io A Mi ni Jl Ji rfit 

. AA' fc Usl 

« B die. XY (ju£L*JI gtio*JI < Uil mil Ca^jll jdn» (jd» B <Ja2ill Ladle. 
jii^»'iI,I <a^ll jd-i-o dllda <rt JJ ‘ AA LA'^Jaa wii^i iv^ ciuijl ii A <UadJI (*t <iSj 
. AA' = BB' : 4^2 Jj 1 J^oll U-^ 1 l>&o • A ' B ' 

. i i jjk ^JajuJIj ^yu^&lLI <ajII Cru ^jjljll <j4j < t>iL£*iVI <Ljjlj tjl 

jjl oLjjj B A A & A B B igjilull jjUu^ ( i— \ \ ) J fL sJI i » » \ \ k ^ 

. i jjM&uV I <jjl j (f yCfc»u i V>i*JI ijjlj 


(J j I * i a t> ^n|JI '^*‘ < ^U« Jl (jit JoiLtiJI ^L a ,> L )l Ijj ij l c 1 I 

. t^ljJI qU i J l (jit d^lj (jjlm* 



jLi&l 6 >ltj j*i in t qLiw jjx. jaI (jJ| ia^(j (j-» 4 JJ~* ■ 11 *■ <^yu j«ai Ladle. 

LfJaAi^iJ <-IilS i jLu^iVI <Ljjl j X) 1 JqjJLuJI <^ylj i_ij^ df 4.t i nil I (jjSilj < aj-JxU 



(^i. ■ ■ * <All ^ > mill jLm£.’VI <L.m*ill * jjk j « ‘ ““(J Jqj 1 mil Mjjlj CtlL£ Lll 

i g ■■■ J ft»i (j >1 .. irtl * I tlrmi yayjj tiilj pi . ..u^j • ^iLill U<<(j]l ^Jj JjVJ iau^JI 

A <■lrkt.ll I Jirt* AB <jj 1 III > t-y. lA <_a^j_6 <.tlc Jrkj mj ( 0 — \ \ JSimi ) XV 


U«xjJI 'ji t}. iO j ' ■<"> « Jo » 1 I ( ^JcuuJI Vjl L^>ll 



jjk AA <iL <JU j_Ui ,j^j jj^Jj (Y) ietx^Jf Lflc ( Ja-u^JI l jA »jtua 1I t ill^l 

: jjil ® tr^i ® U - * II JUCll 4 1 «i *‘» 


v 




AA' 

t 


& 


v, = 


BB' 

t 


: (jj Skj dljjt(T) < (^) qdaxM^ll ».»^all (Ifc yuu LoJfc V 2 & Vj I_aa> 



BB' 

AA' 


1-2 


(11-7) 


l yt » - — * 1 1 jLu-mSuVI ^ t LiJul uJa-m J I yi ^Lc.jum ijrJJ 4 j mill i-UA 

■ H 1 . 2u :iaiJIJ J Vl 


sin i 


BB' 

AB' 


jj I . l^i ( 0 — \ \ ) (J£ml I ( I 


Sill i 


AA' 

AB' 


: Ci£i *iU j 



v i _ _ sin i 

v, ' 2 sin i' 


( 11 - 8 ) 


Ui£i 1^2 ‘ )•* I >* Jj^l ■^ u O^ “ I ^W I jl£ Ijlj 

: ^ >n>‘tll jl ...<WI J^lm* 


H 2 

M- 1 - 2 ~ ~ 


sin i 
sin i v 


( 11 - 9 ) 


jj£jdij^ 

(11-10) 

jl (S i 


|ij sin i = |i 2 sin l 

> tii ul I (jjjlj ut 'Ji JjV I Jodu^jl) jllnl 1 jLi^ijV I JaLo 

ft i iijj . 4j-fl jl i ..<.V I Cjjlj ■ jji (jjUiJI Jadu^l I jltdXjl Ju^l^ ^jLuU 

<jj~l 1 .1 « gcLuuuLj i JjJ Tfcl I OuLlllI iaLu^jVl £yk JJ-C *>i |^» yAj * Jj Un jjjLij I jjl 

Sac oxj <jjli by* U i ii^l I ,jJ| jLc I jl jl Jda^j ■ (*\— \ \ ) yj L*£ 



: Sjliyi SifrlSj gl>«Yl *UaJl-A/1> 

> .ildVt.l CjjljJI < <UjJq- 4 LaljjJL ^jjLlI Until * I ’> -fc *1 1 ^LL 

J>k> !■ ••* <■* * J£ J>i» * SjjIj yi jjj-ioi . rt* i ju ijj^a-aJ.1 <jjljlL 

t « « rt *il I <^jljll j-» 0.01 t£jLujj Sa^jSaLc j>it -> ~i i n~(j . Sxa^ll 


Xtl 



S J-aj 2. . JL* A^loJ c fjut 1 <|jJa ( _ )4< jJ» t liajl jOj^jjJlII jMii] 

< >i 1 La£ 6 ) t -ca (j-jj£xl < <( » a % it I jl j U <~>o jjc. 6j jl >*-J I j^Ij^aVI • I**- *1 t» t«wtl 

. <_tt-k\I I I uL^JU 

<> Li-Ut-J LaJS jl jjj La ^ loJi (jV <Jjl1 4 (jjij JJUA4 (j^ Ajjl «*»ll £ l^»Vl 

. <olL-u LajIj <1jAjJLI ^Ij^Vl f Ll^jl SjLij U^Llajl i_|* ■ ixlij^j j >-»t I 
?« nTi ~i ft U « .««* > i < II 4 j * J * Sjj^a (jj^iJ ^ I J7 lj-»Vl L*l 

. <Od^}A LajI.} 1|*1 i<v*t SjLtl] ,‘t jSu | 
, l jiu^ wl 1 (j ^ ( j>*V I tl 

I * I , J^kla* <iU < < * iuk1 1 jl OjjiIL» Cul£| * (jam <Ajll Jj L aj 

■ <^jtl <xl ^iwi ^tlll Ini ijlt ^Lau£jI 

^liuJ I (jl£ Ijj ^ * tjLuV 1 < Sjx*il£ jl o.u ik lfc ^U.iJl ijLuV Omi!Ij L* 1 

l_ia^j_A (jj£j ^Ul j« tl I ^Irmilll ! (jl£ Ijj <aJLaj < O.111V I ^ 

. ULm iljll ellaJl (jj£j La-Lu 


: gtkuj ^1 p AjjjS £i>«l o<liul - ^ H 

ABC AjAJla SIja (jc lji» / <iLu*A XJUJ ,^1 O <iallll Jac LIJjA-a Ijj < ai a ^j-a jii 

, <JLm j1j-*VLj jaJI «^1L»^a L <ULmJI <ajll aLViI ( *i y 5L> . r LajLa i.iiAi 
■ ‘-*’ 1 ■ (j 1* » ji ^JaaJI * La_iI jl 1 a ^ < hJojLuJI jJijq ADC J > a ( j 

, <a3^>a R — 1 / r : (jl ^1 . jLuaoIL jjijj jIIaVL ^Lilf 
A & C (j* ~. Ua*il I (J *ij___ll ijlc. ADC kIaaLuJI <aji.l jx^ (jmI ^» > 1 .ur 

(jj^j LaJuc. (jl . aIjaU D 4 lr> A*>l I <jj J ^ (fjil U^jll (y*J . ( V — N N ^ SIj-aII VjI 
J^L jl mjl xi A , C (jl iUaiII i'i ^ < DB Lijxi o Lha *(^^11 ^i c >*l a * «xa 

•La^Jtl jxm JJjj (jj^jj AB = AA' = CC' jjj^j (jJlilLj AA' , CC La^j^La <JLam 


Vlo 



Iji- / UUli si^l (jJI I A'BC' ^ u ..<-jM 



BD = BE - ED 
BH - BE = BE * ED 


: L-J 

: 03!} 


B H+ED = 2 BE 



(H-ll) 

( A — N \ J£*i ) n . lV ^II <4jJeulJ ^l t^-,.. l jj 


h 2 = x (2r - x ) 

(A-H) jS = 2l ' x ' x2 


h 2 


= 2r x 


( 11 - 12 ) 


(11-12) JlaWI (11-11) 

h 2 . h 2 „ h 2 



: ($1 o Cy* tjjl <UuiVl J>J ullui claiLJ I j^l 


L = .1 

i 


‘ c>l 4 ft I J*fc /*iC £ll <*-i£VI il I <a^II *!**»•* I <j| L£ 


L' = — 

4 ' 


(jjSJI ^JouJI ^Jc I <i jLu till jjj i Iljll^li^'ilj 


L' - L = 2R (11-13) 

JjIaj jlljj (jj£j _>*»*» UjU^J < O - J u l — (jt — i <^j_* J^ji in jii^j 

: (jj£j F iljll ijt <fau£jiill ^iiwVl 
F = 2 R (11-14) 

(g I f — r / 2 i^ij-b i ■ 1 1 j U j (j* f Jaj jic SljJJ 5 ) v i fjk <Ljl_^ll OuiVl ^ 

<JjLa1I |umj sill jjj . B C Sljll jj£j C»U <il. mil t (jj l+il 

(11-13) 

L + F = L' (11-15) 

. JjLajJI = Sljll iyi + ^jljliVI JjLJI <j\ (jl 
^4 < <U.,t ~fcl I Sljll jlc jul^uVI <11 a yi <ljl*ll ti4 (jtilJ ^XxLuii^j 

. LxuULI oljLiVl 


: <£j£ gtkui £l>«i -\* /\\ 

lrn<(J £jU Jirtll < 1' AjiaJ v ji^il Lj^ l*fc Inm ABC 
iJ^-uj-4 JjV I JobMoJI yi 0 <JoLi Jib L-Ah-^ Ij.I > ,j^*j-i<J , yJJjjJI (J. C& |I 



j'fjljJuVI 4 ADC ja ABC UuJI jjc jju a jji L^lj_«l 

SjLiitVIj < j.t ini I jju jji / n L = * ( ~ ) |J. jji <injluuJj la^«il 

. I <iui V I (jV Cl C m 

V 1 «*nj ^llll Iffti njJI | ^j JILL. VI JaiLuJl A , C ^UUi'JI i^jj 

C & A ^ JjMp . qU j *J I .L.'ifc B <ialill jjJj D hint'll I Jljj 
J ^ i*> ) B I) 4 In ft > 1 1 < _ii » (^^Jl t j»«J)JI ,_>“-Ai if* ^CUI Ja^njJI ^jk C , A 



■*»<• ^ ~~y ■ A BC ^yA (.1 Jtku^J I jk Ji ~tl~i ^Jl Sj..^;,II illljjj 

. ijjioll ( |ijiul gU»«Jj / uLu JAli jlll I <J»lJI 
L'= \X' (^)U-*JAU u iL 4 JIJ i L^I 


V 

v 

V 


: Jjj V ^loJI V JjVl JLu^jll ^ C»il£ I j] 


BD 

AA' 


( 11 - 16 ) 


< u>tLJI iC i n jJ I ji OijmmII jJ| JjVl lo«(^ll >j <<JI Ci-uJI 

■Lc^u ji ^gi < JjVl jl i n^*il J^Lu jJJ ^CJI *q! I jCu£jl J*Lli (ji<j 3 untile 


: i*i^j «il)j * jCt&Vi Jibu lj > <i^f Liiailli p^a^II 

iL 

: (j I iK*i ( ^ — N N ) Jlt>tl I ^ui.i'i A £y\j 


BD 

AA' 



BE 


DE 


BE + BH 




(11-17) 

( 11-12 4jjJq-J I 


. , h 2 h 2 
M (- 5 - + — 
2x 2 /' 




H) 


£ 

/ 


) = M 

X 

t 


ir 

2r 


2 / 


) 


: jj-A 4xJ&U JjL*j1I <Jj(aa 

R (|1'-H) + HL = }T L' (11-18) 

Igi I ULy <^*4j • OjJuVl tlaJiV 4 Jim*JL j ■ i > jjl LlA 


> “ *U 


1 


L+.I <LSLJI o.miVI L JilJ • R — - — jjl 


{jA <iajLuJI OuiVl JjLu ^Ic Ijj I i jj irflll Jilu jLajV (11-18) 

. Lm^JI jl m^*ll 1 nil » t L~xjlj 

ij 1 I 4ii.l.uVI JlLu ^jl. MJ < ~ I jtirfi LfLUl 4jj*i 1 »i « 4-a^* 0 U Am till 

: AjS 

F = |i' L' = R ( |i' - |i ) 

: <h>‘ill jU jl 1 iiCiill obdl lljUIl .‘1 i^j Jljjj 

HL + F = n'L' (11-19) 

JjJa <jlj£-loayJI t>*/ ,jL. <i\j < AB i!> 1 b JjI Jl I jLajVj 

■ qLii«JI /'iiiu ^ic 1 A B i 




: | \ ♦ — N \ ) j.1 

sin i _ |i' 
sin i' jj 

• __^ul£l I ^IbmI I Lhf-iiJ jj ill I Ux^l jU&l iU»ljU» ji- & H l^lj*w 

AB A'B V 

— x [i = — — x [L 

v € 

:u1J 


V L' 


A' B' 


= m 


(11-20) 


< i i util JjIaj — ^ <-»i^JI (JjJa L^Ji lit* i jj Kill (JjJa ^jLyuj t ~ HI jOJ^JIol <jl 

. I4J vJfUHI tP* J^UUI Cjh? 


: &£ J\ iuijall - n / n 

^J^La. 4 <1*1* • " SjL* I * ^‘iji jlj >j 1 (^*l~l *" * qj*-!*- 1 * 4 mill II jj^li 

llj OujIj wll j/i«*)j 1 . I jJt ^Lwnjll ^1*1*^ (jt > tli^j iijL^I 

. (^ )U ll UiH ^Jl <iwJL IjA jj>i* d*m Ctlj '**1*^ 

R | R-, I 1 1 ^.Uimli^ii < » ‘*j < «««■*<* j-»j * ■ •**•! 11,1 *n a>_il5 aLauVj 

L>.< |l| , |^2 I » ^ 1 >1 * **^ *l S *1 * * dr 1 j q ill*.* '*~^* * Aj ‘ M' I^-*jL* jl ‘ * I J^l o .^ 

. ( N \ - > > ) JUJI 




: u—* F I JL>^ C, km ll i : <jl . 1 >* i ( 11-18 ) <Jjl— «-ll fU *>. i»L 

F a = ^2 (M 2 "M) : lt*F 2 (jjllll jJa*JI Xj^j F j = R, (JX-(J.j) 

(j-i I i (Jjl a il l ,*1 ( jJjVl <i u JL«JI ^Ja4u< Ijl. i JJLj ^ i/ij (j(j 

JjV I ^Jo-uJI Lfj£j! JJU 4-a^jJU JjLftj jjSLjj < fi | Lj Jj| JjVl iaju^JI 
H 1 L j + F | = (i-L : i*ij*k 

■ alj OuiV I <1^ ^jA*ii Cuidaii ^lill uIa <lllj Jju 4_a^ll 1~«. ..“ 

: ^jQil ^JawuuJJ Luljojl ^LiLsj JbV I i ■*•“*>- 

|i 2 L 2 = |iL + F 2 
H,L, + (F,+F 2 ) = H 2 L 2 


F = F, + F 2 
H,L, + F = h 2 L 2 

<ij(jull ^Lxi^xy (J. | = [1 2 = 1 

L, + F = L' 


F Ijjaj I3]j 

( 11 - 21 ) 

i jM oL^Ji <*Ia]I XI a tall 

(11-22) 

i‘l y£-i e (^Jl ( ji iuiJ<ll Cul£ I 3]j 

(11-23) 


F = F, + F 2 


= R, (n- 1 ) + R 2 (l-li) 

F = Oi- 1 ) (R,-R 2 ) (11-24) 

wJlolK 131 Ll. (NN-NN ) Ji^l ^ J^l ^ 

^kuj I r - I *»•*- *‘l * < tia> |jJc ^iku JU < miiJL ftjLiV I tdcli ^.i i it < )Lu ^v^jl I <Liau 

lj« * - 13] LJLm« aL^jV n> ‘J L La At-* gv]»juJI 13] I > ~\ y* Cxl^i 

X».t 1 1 2 . .. > • II ^LUI ^iJajrfJI (■ l iVi I fj ijSu «ill3 ^ic^j • O iitiV l »l ty rf ^ i kmH j 


: t jJk I <iLjd I I XjS ^ut^j < LaJL*-« 


(11-25) 


1*0 \ 


F = (|i- 1 )(R, +R 2 ) 



: CilwAxil^ 1 W/W 

: luk fa £/u«1cLL ^iTn ^yk Aj jl^i S i y-a ^u^y* £gjj u jle. 

Lpjj_ij jaj ^ 1 1 rtV I »LaJil 4 < h.i r ( jlc. Li l m il ^IaJuII : !lj1 

. <■ ii j« 1 1 (j* <j> , jju 4jiirf»y i 

j *«* jjl jjJ Lfia it in ^wj <.m.t «J1 ^Jci In i L« « ll ^liulll I Ixtli 

, ( \Y- \\) J CJUIj-U. -uLJl 



uj^* * tsj&M 1 j .a Jil Ifjji jAi (J Jc. |> 1 11-^1 1 ^.il^ll It < <i Hi ilfti I C±j Li IjJ 

, <]jiiu <Ljjj£ ij^u» 

■ M >ft> 8*^ > i^ a O^u C n i Jo il j V J I J> iJI ^ jj^I JJU ^ouaII I jjj 

j£i ± ull IIa^ Ijlj < *jj£a Sjj^aII c*jL£ jaJI uu L^i Jil Jiull Ijli 

V, XJU i ^£. |h» ^11 Ijj Cl 'jJkJLjj . SjJLbA-a S jt iall CuL^ J « ill v.t» IQ 

Lai < 4 — i-uiAaJ I > ) jj 1 1 > i <JaXi in 1.1^ ijj* irt S > ha Ct^ < c-xJI i> (jjlfj 



. CiVLaJI (4^1*1 ^jduajll ^uuaJI ijjjuat (jj£j AjAlo CuuJjJ I C*j(£ Ijl 


: iSi^\ h*lal\-\r/\\ 

Ait u'illj < j_u£ l ^'fc l i* *** C/J JaJI (jl (jj <iLjl^ll <1 nd « J I (jt Dj a m il < 4K.u l I < ■ i ll-k’i 

jj*i»jj . Sj-a. gJctw* (J£ jjdlc Jjkla^j . <JLul jj&*J V JlJj Sj i j*a 1 I JJ^jj { • ni>ll Jjul 

^i-x»ill ^builL < Ljljlil il»Lu JjVl e u.,,n L > j %j j* jaj Outi^U (JjLaIII 

, l|j^ lr>i ii (jjj iiL-uil ^gl 1 Hii 11 ,ul I illoni jl txV I ijt [J~- * * Jjl «llLj 

(1 ^jJk 1 it ( \ I I <J»1 ml I (j(j < H.iiiJ » II ^tlfLiM l»l 1 1 a* R | , R T (jl 

6j l i n^ tl 1 l r>m j (^i4<jL> JjVl ^L i.ill (jl . |J. ^ 1 n j «l l S jL* jlii n^ J 

. ( N X — \ \ JSLi ) (J , 2 * '^*1 JjiIaa ll»mj ^Umll (jlj « |i. j 



(VT-^ ),jCE c , V( , 

: c# Ji F j JjVl £-l«*JI (jjii 

F, = Ri (n-n. ) 

F 2 = R : ( |i 2 " F ) : cr* ^2 

Ok—iiVl JjL*j ‘ R | (j^ / .l« i ^ic. JjVl ^jk |> k. > ^*A> 

F | ftLyuJI S jJ <_»Li-oL(j < yr In ml I I j_fJ A tn*n‘JL ^Ij-JjVI I j-4j (J- 1 L A i n ll 11 JI 

: _yJk JjVl ^U. Jl (j-» Uljj^a Jju OuijU ^jlfJI JjLJI (j_jij 
|iL, = n,L + F, (11-26) 

uaj Jl.il 1 ^ In 1 ill I (J iA i jj-uaJI Jju tji j j ^ CuiJjJI uL-uj (jV l^la^j 


r 0 r 



U I nil (j<-l jLLaV L <-Al mil I n"jj 4, I n.L»J I ija ml <Aul£l.l Ojlj^JI Cii ,1 ul I jJo 

• HjluJaJI tjU jLu^jl ^tUu “*♦ 

/, 

— ( 1 / 1-lL | ) : JjVl ^Uinll ^e. S tv^ail «A*-i 

= ( - — ) : >4 (jjlill jwLfcJI jjc SjjaaII Jaj cJji» 

\x [l \x 

, Uju ^LUI Irmall mllL lam ^ tXA = /j - d £,u.*a 

jJt <xmJJuU Jjjlill Li hi II ^Uililli ^IjiuVI JjUUI vllljj . £hlau*JI I jjk ijc. lr^ <ill ua 

Ijic. Jui.-a’i ^1. n "ill I jjk Jjj I F 2 £-LwJ I SjJ <jLnr»ljij Lo = *»■ )J. L -I 

A 

A. 

• <jl t#l * (j-ilill jju <diSU ^l+iJI JuIaUI 

|i 2 L' =nu + f 2 (11-27) 

uJ^jJ t ' = -j— 7 kiijLi, t l\yA jii Ja—oll Lfj J-*J OJ^* 

: Ijjt m <^UimI I I SjS (jl ^1 < Li 1 III I JJ& UJIQI J4l^ll I 4j4 

P 1 L HU 

m = X ^ (11-28) 

PL, \i 2 V 

: Cildluu 4&J1 j GluiJLP <gj4>4-^ 1 / ^ 

^j-lc J^jJnu < CitlUaa L^j^j Jiotl <4 jJ^II CiLmiiIiJI 4j^ykAu» j I I *“* 

Ja j I 6 jAj |fcLwJI ijl JIXuwJ < ^umII CuJaII In 1 nil 4 jmoILi 44uLj Jum La 
• gj > i lint » 1 1 (jjV . i oLuJlL g|l Umll Ol nail |J I J t > 1 iilj i 4 4 1 Ijll 
< 111 | , 111 2 •••• l|~l “■ ->at JJ »Oill Sja ■ *.j.A J‘^l — j* 



n ( m ) 


(11-29) 


: (r - U)JliU 


Ijli . xa>lj * L/ ic. jjLL-ftVl L-*l 1 1« i J*j a 

U-ijV I < i, n X»J I jki^tlS x *. j jjJc ^ m 10 1 UUI 

<ji ^> £U ,^jLi . jJ*VI ouLaJI 

20 I £y* ij^l I 

: JaJI 


L + F = L v : ^Vl w*Jl jLiiU : tfjl 

100 , 100 _ l% 

15 + 20 
i = - 60 cm . 


tjj&jj < <4 4>^>II w^LaJI fjttij j | U*i <1,1 1 » ,4 5 

L 100 60 . iiii-j ii 

m,=- = - -fj-x-foo = + 4: t * w tffU-jdl J rf. 

. 8 Q-* ^f (,/llVl <*4*xJI <jc 2jj**ll Jjl» (jl {J\ 

^70 tjjj JJU jic ( <jjl!JI 4 I 0 . 1 1 11 2> I <I*JU jjj toll * XA jlucli I lillj 

. I^LumJaII £{jj <iUJ.I ifJk fUM 10 i*U till^J 

: ^uljll <*4«xdl (jlfc <4J lj *jy» jjjjlil I jj»L»-»,u 

too 100 _ . 

' 70 25 1 

/, = 28 cm 

^11 fj\} > <ulull C-uJaI I (j* ^um 28 Jaj jjifc 4 J * J * ** , j| I T , 2 inwall <j1 

2 

01 2 ~ ~ >* <A4loll infill ^'l t I Ifl* 


Too 



3.2 = ~ x 8 I4 |>I^<joCu fulfill Sj>4-al I <J\ 


: (t-U)Jli. 

^kuJ -**‘* • « ^ui20 L^iJbkui {yk tj£ jkl t^uu (j* OiArf 4 i yj f 

^ i A j— « #ljVI £jLa 4 m.t oll ^100 J-*J ^Jc ^ m y ljl*A • *Li| »L* 

. 1 .3 * LI I jliiX'il JaIa^j J .5 4ju»JaII SjL* jL^jl i|aLa« JjU Laic . Sjjjh^JI 

: JaII 

: ^v-fclni»JI i > (£_)Lujj F 4-mjJaJI ijjS 

F = -^ (1.5-1) - ^-(1.3 -1.5) 

= 3.5 A 

|jL + F = Ji L cil i mJ«II r UJI JjuliL 

-1 + 3.5 = 1.3 L' 
i = 52 cm 


: ^ JU* 


JaLi-t ^ ^luJI JO 



. l^-ual i i^vaII Ja jli Yaffil jlai < t>A*> 1 4 Li .1.5 *jLu&l 

: JaJI 

|iL + F = |i' L' JjVI jjkuJI <1 jUa 

- 10 +0 = n'L' 


- 10 cm — JjVl gUmll jc Sj^aII jm 
— - 12 cm = ghicuJI jc. ij^idl jm 


- 10 - 


1.5 



: 

_ 122 . _ 122 . ( i _ 1 5 ) = J 22 . 

12 3 ’* 12 

L+il (j\ , -1 U> > <i.im.i • I I 1 2 ■*-*£ U>^* *JL) O* t$J 

. f u .oa J I (£jLuJ If *>> J <4>1^ 

: — <jUX£l jjUII ^)UlaiI3l f \ \ 

jjV IjJo^J • I <lalill jic ijjjj* <1 CijjbZij < C 4 tn Jr ^L*1 0 <L2j («*niTfc _>aIc. I 

|»i»i^l I Luuaj I j| kill jJ < olaj I I jj *jl.>n.i ^j>mi ij^iall 

.Liu) I lafulfc Jllc^j (jljjljLj (jUaii 1 & 0 ^/~ilf»t‘JI » ^wall (jlSL* ijya Ci^J^ 

. <iiljill 

J£ ^ Sjj— «J Ij f.» a J I JXj . f LmOmJI J*JI lAJ JaJjj <iiU +?vjl 

, ( \ i - NN ) JSLULj C£i*jA L£ . yajj^JI {J k. ( x , y ) l+uu (jGjjjiJI iguj^JI ^ 


c 



( X + t ) — ^ — 4 hi lull J)C |« 1 ii^H JAj 

( y + f ) — 4 — < m jjJ I (jc S jt ijftl I iiu 


L + F = L : cjLuwJaJI ^ 

1 + 1 - 1 
x+f + f y+f 

f (x + y + 2f) = (x + f) (y + f) 


VoV 



fI = * y di- 30 ) 

<GaA(j . A^^Jallll i i t i rtl 1 i)«~m 0 jj ill £yk I jl ^ m^ll (j| ^Jc JjJ OJL^J 

H.inJail jl oLmjc £yt CC|j A'vl i SjJLl I (juju! p 1 ““ lf-j I <OLaJI 6 -LA 

lu f | & f-> (jl L i Aji Ijli . l^J <umLuVI plj^lJI JUJ'fc’J till j^j < » 1 11I I 

(jc i\s 1/1I Ij ^ m •y) I [gSJLi (j(j^ No “ N N J t«» i« M iii.lal jl «•>! (j( *t k “tlmiil I 



: AaLula U|ij^ J^i3 AA&lLdl 

ijjljl* 4 awI (^Ajii d ?i l nn 1 < F | , P -> (j< jii n j * J 31 a(£1I *jaJI jImV 


. ( N"N — N N ) JLi < jjail 6 ^V) ImIaII jit <1 w>Lm 



ToA 



t Ijlf. JftlLujl i A It 4i i inILt < «\>ll jjluill jj| CD J ^ i ujill 

• A 1 B 1 jlc ix^ A-y *1 1 itl I < F j j^ljV I CujjjJI aIaJI 

0 <jjl jJI L >uiL <UjL> F C(| ililill <LuJaII Lf Jt <a_iJuV I |j| 

(j-4-mCxiV I 1 I lit I j ^jV ill t jgjl tju <iLuail (jjStHj < (_f jj^ll (f f jumill Jj£. A^B^ 

■ tfjJJI *ull 

^ \*\ - \ \ j J&uJl Mil 4>. 1* A j>l 


tan 0 = 


F - = F i 


A,B, 


A 2 B 2 

X“ 


1 


( A- 2 B 2 / AjBj) m 2 

. <U lil I Culjxl I 6^9 Jjj 


(11-31) 


m, = 


a 2 b 2 

aX" 


ajljJLa il-Ju I jlitf L oLuiJjJ I (j Jo! 4_uljJI <i 4ij t)l ijfi J ( Tfc jVj 

• F j <-uiX*JI jjit * Lil . .. 

o + F, = L, 

xu d ijxuixJI (jo uluill l jSL(j 4 — — jji JjVl CuixJI (jt >uj 

h i 

1 


. — d jj| 4oj(jJI <?ii iii« II |jc S ) y uol I 




1 -dF. 


: <_uUUI 4 i n>l 1 1 1 < > iii'tl L ^jlX-uVI >~>ll 

: jjk <LiCJI < i dJ«M ,jc. <4j£ll ^l+il I 


l 


F2 + 1 - dF 


= V 


: jji <■ «x« JI I S j w ^ll a<u (jjSij villa^j 

1 -dF, 


i = 


F, +F 2 -dF,F 2 


Xo\ 



•LkjlU I JjLalll 

111 -, = — 4 -uHkll |||^‘| s »j 4 j < £l 4 4 


ilSJI ^LujaJI JjLJI 
F. 


m-, = 


F, + F, - dF,F 2 


( 11 - 32 ) 


: ( *) "1 -32 ) 


F 1V1 = F, + F-, - dF,F 2 


«i 


( 11 - 33 ) 


ji *£> (jjxuiluiVl foyJU-SV J \ S 

: AjS^ujt 

trb^ I s JJ-^1 1 cr* £,*?" * ‘ F i (jijVl (jifc o-lI.) 


Iffci nil (j C iV JI OJLjJ I j*i i l I OLlajUU F <Uj(Jlll CujAaJ I (jC. t <tj« ^ all 

^ > »jj I >bul I L..« JjV i > v y J I t J-A jc J > it <JajLj Jif JjV I LmiV I ^ I ^ 



OuJuVl llJoA. AAil IjJ ^Lill ^AAlLkwVf nil I 4 J 

6J-4j l.. | i_ti i,l * ill Jjj2u ■ F | i inAxll 6 L^j Sj>JI Lxa^jlj F, <LulUI 4 _lwJjJI i jle. 

, Uf i|jjLJ I ^auLwV I > i III I ^ I’l^ j I . ^jLJ I ^aJuJI j y jl 1 - ‘I I 4 i tij >11 
' F tt , JaJI <ii 4 jjloll S >V jJI «jj k ^jC. J«n <Ja 2 j 


n. 



...II J i n -»*J i JajJI ol jU*. (jujj * ■ -■ * ■ II 4 i i *i »l L^j 

^jjjJI jaJI <_alS dl)j5kj * <-hiJaII ^ » * iI a e. ji Of (L£f*<iL*»Yl 

LaA y , x ioA. . f J ([ = x y : «UiLt dlj ^l» ^1 ^cq 

JLi ^1 ) ojUJI ijjJI 0^ -^-fJ ‘ Lf^^ 1 i> f- 1 - 4 *^ 1 ‘‘A? J*- 

. ( NA- NS 



I 1 

o U-ui l*u y I o 1 

(na ->s) j£i; 




oljjJ y 4xj * *i j j^ JU f^uJI Ccj^u j^Ji *‘j^-‘ 4 1 1 1 ill I ^i^jJ I j| ^ lf IjJ \ 

f^lll LiLJtl jjl j Laic < »J i Al I <Cj^dU Xa^jt-i < 11^720 tf j ** - " L^j|j < L^il-jJI 

* ljl» 15000 LUj^j^all t |«Uij 


Jjl ffjii.rall >1 1 j ^ji <\\ i hI I ^1-^ nil LuLlil l jii O ) ) a jj I J«xc JUa^jl — X 


$ 8633 < 4^.11 mjj <iLJiij720a^“^* JJfc 6*4 * *>• 


Lajjc f [ ftlLV I I Jxi » jfruaJI jjl < »^wcJI Lcjam jla^V jjjj <L2jjJa ^I.xL'mmL — X 

(jllul JJc 0^ LLi . Lilill l ji iijkt \ iuvj * j 50 

5 fji All KtijJUU I.II n-ali < I jIa 20 1 1^ « Lit (jail <iLullj800 ^LajJI 

< jhkM crfao <^1 i> < 25 ^ ^ LLdiilOO *>*-* j^«-* £-*Aj - * 

. <Ldoi33 <A>S j UA a jJmj^UI ^ jvjuu X0 »*■** tjifij jAVI V 1 ^ c/^ fr*AjJ 

(jjjLa* ^jic S» LuajLujV I iSuM ^jl.najj ^jj "> “■ * 5 £*A>* UuSjj -L-a<jl 

$ L fr ic JLiLJI nj*All(j^75%Jai* Sljil jjU Uic ? jl^jiil 


(jjli • 1 00 ij4>iluu iam ja i »i JQ^Ijbjl ^ic ^lj m a jlc — 0 

? t |*ti l^ JjCJ Lj^^a jjfi * >. .X it I I irtinil 6 |^|J 


30-^ • cr^Lu^^ Jil* o* 80^ A 1 

60% *.»> **J ^La»jll tlllj I jli . tjiat. iL * £la»j £>* £*>1 ^ J « *»t l O* f 

$ Vjl JjUI if 1 <<Vi i <>l 5 Jui £jU Jjjlii < «j^ail ^a 4^1c Ifti i in Lee 

< ^Jj-a* JHH>* O* 10 La+^1 t'Aj B & A »ja^ll jljJj-o-a — V 

Cj^k < \ xi\l I Xa^jl . (^jjLaJI ^jJc tXaalj if I 'A*i mV I Cjj Uai B. ^ 80 ^ tA 

11 a <Alj] (jM fAj I jjj • Cj^Li-all tr<>* 

i m ^j L» at < ^jcl > irtl I (jrj — j ^ j ft~i < ut I ^Jc 10 oLuu j.i ml I 



£jl 


4 U 4^jllf 4..I. ni II uwtiftl . ilr itltAJ^tiVI 

9 cJc LiLJI 

x>l jLi t.i i ti i jl^ blit 1.44 L^ijLi jl-^l ij-^t * » «■ d ■"*« — a 

(JwdOLgJ fMU 1 ^kVI jaVI ^ itl i all jia* i , t I rt\ j < ^tti 1.2 * (>fU | a )<irOLII I rt U t ii 
$ 4jlfj V It iji f m->l SjjMtil Jju Oa^jLi < 1.34 * jlu&l JaI** Urwmj 

< f-t-u 50‘ 25 1 4j.*tUtti 1 1 ««rt*i S JM.1 * 4t*i0tl (£j^jJI JjuII — 5 

$ 1.5 ^4**«jLt jl m^*il 3*1** ^ju Uc 

< ^tti ^Qt.iit.rhll 1 1 ft In i <> jkl > lirt*i <jj*)tit « . S ... i «t ^ >V *ii iUuJI - \ < 

? 1.6 I^jjU jLuiil 3 * 1*4 <ji 

t.4| IJI 4< L tJ,lj fMi 10 1 j J>Uit 1 jlti > tfcrfti ^j.| I 4 ijt. i 4^i a, i <i 4 m .If — N N 

> \ I ■ (^vlixiJI 0*1 ^ f-LM 30UUm ■ |u« 13 

$ ( 1.5 4<ut«X*J( jLiXil J^lfct ) 

4 i.u i it l )*u J 1 o* J I j 4 Lt • till ji ^t«200 l > jj \ 3_*V 4 mjf — NY 

3*1*. t ) ^ till 3 * 3JLLJI < t«i.\ *1L£ jLjuV Ij I ( _>uAj LfJ < ojIjj 

1 ( 1.33 *Ulj 1.55 jrUjiljL-fcl 

< ^Itml l (2h» ftUM 5 o*j <44(30 loloi L44 • fuM 15 lojJ»* *1 »* i 4 j%kj — NT 

l«JJ >ill o5* . Soliill ^lUI ^Jl a*jLi 1.5 c u.^ll JU& 3*1** ^ loU 
^Jl qa l^-JI Jti loj o* Jl ijj^i lol-^j . <UliiJI ^yk <UjjJi ^U..ill uifi <itL jt 

• ^ cf>kVl 

< ^tti 30 >-i<<i‘i j»i « L| 4-kJittM Aa.1 ( |I — 1.5 ) £l*jil jj-t 3 i.t. t c — M 

? tfjjJI 1*0*4 Oa^jl • 25 *>I*5 * ^ t-iOa-t j*VIj 

^j| jJii 1 |u« 5 1*^1** i i<fli 4 j •%( ■> j ^Jtt« ^Jc JjjJI « t * Li j ci* 14 JI —No 

1 I4tj1 0 -a^jlj < tjj <t»ll £t3>* J-*jl • <LU1I i.V 1 3 | \ll 4- 5 \ J I 


Hr 



Cr* 20 - I — * } *• — t J- l A>- 4 • 30 < “ ‘•i- e — N*\ 

<j-uJjJI < 4 ^ <Lfcj.a'> 1 1 ^L*l jJL» {J, jju 5 1 *.u>.i SjajL 

$ j^D lj Stw JI jajI . < jjTtill 

>Jl ^ (jL^j « 20 c£jj-^ ^ L* 4 aj ^ i j >j < m > \ . f ^u <24 ■■*-*■* ci - ^ f**** > fc^j ~ ^ 

> j y ua j» i n - ^ II >1 < ^wui 5 Q (g/t oJI 1 t j » j UjAa < m j.fi (4 >* Jilj ^Jfj 4 mXaII 

ell j£j (j^l i»iill (jrjj CsLuJtl . <ijjl I 4 kiJoI I Jj** ^uut 62.5 {j^ tj>~k 

9 SjjmJI j-u& 

.1 » t ^Jc. jk j 1 1» <j| i <jj~>< u » <j4m <? mjf Qi.i^j - NA 

« I 1 1 < j _ a Cilj— iai ^ iAj CiAxAj L»«iicj , <jlfc mil i \ H -a jtlnu If 14 ^-mj 14 
Jju ^ ji 1 n%H jjlc » c>i tin 1 ( < Sljllj 4 1 iiJL « II £jjj (1.33 tjliM^il JjIju J 

26.2 • * L»il U^L* y|)Vl <mxi)I qLw.i Liiiic < 17.2 

^•^Uiil « U*h *ll jJfti J i irfl't J_a^jl . »Lail li irfk^Ll ^ilill Cmjjjl gfclaxu jjlSk 1 4, lift 

9 l^ijUjiiAil JiLudllj^i <i<ij>ll 

lj>ju < ! I^Jl Lm^U i-. I *> 1 1 I 1 L. . .. ‘ * ••* i 1^4 |_|i£ 4 m,U. Ci* 14 ^ “ \ \ 

4 " 20 ^ ^ t'A* <il * 1 M> • er^ £x&i 

^ III ■%! I jLfiJ j 4 l^lj 4 111 J oil £jU (JjLui ^.I4J Jj^j ■ 4 jl* £ “■ S it i> tjjlrili 

|J-»L*_« JajI . <uic 4 S ill >4 ^iiu-^ll » j< ^4 < fn,. 80UU.fi JjVl jjc 

$ JILJIjLm^I 


^* ku 20 * ^* ku 10 L*j> 1.5 Uji im^*iI 3>*Ljl 4 3 ij ij iniif jvli m 1 L/ii — x ' 

jL I jj fU < » lj_fJI ijh Vjt <?, 1 im,1 ittl \y i ijj& I jl— 4 



tjlia ^il 


m 



1 o| *m J ^ a* F 2 , F j « « > tf jj.* Ic^U F ~a * ft' Yt 1 iijjtfl tjl cuil — YN 

: <JjIaIL (ji^u < l^» d <iLuid* 

F«| = F, + F, - dF.F, 

l+J^ij ^au 12 4mjL)*yL ^LaJouuJI ^ L tV JI ^jljMoll — YY 
SjJauoJI £-*-»>-» X^jl . JjVl jJLlJI {yk 2 -A-V fi n ■> £— <\) . j-ljJJj 5 

$ ^(oll jcLauII 4hn‘ilL 

< l+l <ai(£J.I CuixiJI xa^l • |A UjL-iil r uLai ii+Ldij — YY 

% ij£ll j£jJL <>m*JL <»n.ull >ii 

i .>> J) (jl c»m l — Y i 

H 


^ Ujlu^il J«bu [i • <l,i n.fi I fa« d ijijii 

^iiM.toJ QyjJolii.1 ij u/m II fkAu § < fu 20<-*l <ajLJLJI f“‘y i A* » — Yo 

I j| (j<£L«jJLl 1 1 1 > lffc.it jjSu jiaJ > a ^ A o ll ^jjJI lUuJI Jajl • ££+-a^jJI ^iJau 

9 1.5 ^ — iaiAiJI !jl» j> «..C«t J ^ jjl j» In* 




vjjCj 


: 4JSII fcjll-1/Vf 

j.**iLi ^ti i ii jl — Lc (£j& gvla*w ^le. Ojlj 1 * in 4 x.itil Ini < n~i LtJUC 
^ i >>Ti V La jLuSul jl l| t *\. K » \ \ jaj OuJuVI <j| \~^i — il’i % » ili i<i L* ■ ^ 


• JaiLuJI ^ L fc.i * J I >l-*l Lai£ jl Jjj JqjiS njl Lj l «j J)V • SJ-aIj nJaJLi 


tj imC>I I jl < infill 4 > itiV I ^ dljJj ‘ jl ■ ..<WI jl j..KtWI Lljj jljjj till jj I « ‘~u 

SjJkLUl 6 jjk jl Jj5j . ( ^ — \ T j jCAt l ji Cs^-* Lai < < ftl~i JdJLj ^ i hLi iiVl 1 y a-l I 

ouiVl (_)maj l Lla*u j I jlj . >jL-k *il jljjl LaJ&jgtJa^uJI <^lmi Ojlj UK 

ij^ JI Jlc <jU Jjjlit m Jii» ^Jc < ^^ill ^i~> 1 11 1 j«_uuLi gli ij i.iUI jl 4 mi> til 

. 4j i taJl I <* i » V I La Joe. ^ «^Ti jjiJ I { jAj < 




i CaV <MiJdC flal Lc_^uaj^* AB I a fjajJu CiL-uXaJ I 

<J 4 i iij all ^>V JI Jjulf ja Jil JJU ^wall jjli I j| .( Y — N Y JjSullljji Lai 

^jj« — 1 1 OuiVlj LkJL-aLfll OuiiiVl lij i Tix I I jl llil . A B i ) t -uo 

AJaal J Sj^j < 4-f_j*ii«» j I U" <j jLJI 6jj^cJ I jjl Jau < f i »~>i l ^ SjjLt^JI 


nv 



■■ ■*11 jUuVi J <i ViV uAj • » j| Ujj . vtLtZ jl <A*tVl ^jmilL <i«ijoil 

# j^li Jaii ^I.VukI L* I j| t SjjxcJI I J-X Jij I Jjl ^jJkXjJ t ^ I I |> II 

. jjj • J *~' I O V I Jui IS I 



jc .t *J <j»L < jjj -~hl I o_*i.V lj < u Jm <LL ji 4 _* ■* |H i « til'll I j I iaj 
j^aJll ^ic. Lj4^-*x j ^1 -> jLi . ( V — \ X )j5LUl,ji Lai < b Jx* CuuJaJI 

6j^uaII ^ySLt i **» “ < 4x4 Lx * ,r i« L l^jxuVI jij ■* < 3 4 /h^ S 

jloLbll £/j j— qbLxJI Li^ja IjLi . Joe. 6# LxIuiVI . Ll.U*i jjajJ Jju« ^jJc b Ji4 

t^ljj *J-4 Cii mi i ijjl Jl • l^xl u~4 mLAImiVI t.i iti i iiTl ^~***- 3 & b 

• O^ 1 


>■ 

>■ 

>- 

->■ 


>■ 

■>■ 

■> 

■* 



IT-W) 


: l*A*i«*t -r/u 

I Joju (jj£j *■* 1 J ** } 4j_)£ 4-ujjx. ^LaI j t~*“ 1 * t,r 

< 4-ia^Ii.dV I SjJfcLIa (j«A C i. *i Jxt I J^Lak jl i ii^'iVL 4^3 111 I 4 3 j y ua ^3La 3 — 4. i ii^il I ) i — * Jt 


<tw.t>ll jjl ijl\ £jjJI I JJI ^akjjj . (jULiiala j_t f. jg U~a i jj nil I j fiat j 

(£^jax. ja>La. .Ucj . U> ja *k 4 (jtJi>iA jjx. i n-^ (_^V <xu*aJL LaLaj <£ULa ~“ “_‘I 

»J i?i * **-" (_^aj( 3 ^Jal (j£Lw jk 6 | fc.ua J I J |k". i n JLlxuiV ^ ...tall ( ^^le. 

<iali jlfi. A* Lk.aV I 4 « LiVt > Sjjlj 4 ItA ^jlc. ijj «rtll (jj^4J • (jJj 4jaJkj (j»» 43* li.nl 

, j-jj Ji I Sjjljj j| £jj-o^JI AjjljJ jAuj (jjJLJojJJ J ji. (jvJaaJI <jU 

ijk * -<■*«!< «- l*- ■■ (. lL~k.il ‘ l a.IlT < a y 3 i ii V I £jjll SjJkUa 1 I ■** * *^*tj 

(^j 3 >i I I JJI (jfc I iV>jj > (juJI C i n Jd t. (jj viilj j | hjj < (j^ 1 1 ~k 4 (jUkLaal 

(j^a (jvtr>A a (jjJJU (j-lc. (jljjual »!■« (jlljIiA, (jljj>a-c» u US , ill (jl 1 * 1 t-k >V I 

61aiV I (j-4 **- ^ * ItBjl > .illffc i I 4aiuji 4 niilc^ 1 — NY tjUjj . 4 mJ a j I 

. ^ijll .U:Vl^<^^VI 



U-K) JSCS, 



(jJc. (jv I *<r> t 1 a (jg In** u (jifi. • 4 ■ u . \ > l l ^LaI (jjjual ■ * > a (jv lwA j ^ U i Ciljjj 

. IflA (jJjJH^A (jjJJU 


Hn 


$2. 





: CiUull <^1 yii-r/u 

jjJ <-C.j ‘^» jj.<»llll (j«0 « 4 *mJaJI jJ*I»*i 

L*ljj o — NT )jc *.tt jji U£ < L| > A «.i 

I * ■ j ‘ * lj ^ ■■■'«! | J^j_a jc Iji&j l iK Li^jjJj j > < iilill ftJjl 
-LlC. — I I £ I « im (jU (j<*j • ~L* La. (j<* 

4 < i ll 4 - 1 1 > t i lrJ I ijljlt (jJJ Jjil* ~ 


Oy l^^il Lju 4 jj-.t-ll I 6j£. j -2 »L^jl jji < (JajjVI ^IjuiJI tL^jl (jc (jljlVl ^ j « % 

^,4 1 uil^aJl (Jll ■ fjinll IjLp k_J lj r^'iV I I JJk j I „> > <i > lll-fcj (jSL|j jl i a^WI 


,jljJl (jjiL >-ilj-a-jl £jL yUjl-fjJI (juLfc ifcj < A.* J I (j>U <-il j-^lj j » ~> Vl 

joftb J * A>V lj j i . ^ Vlj (jlLi^ j-JI j^jUl : kyjj^ll K Jit. ^J^jouUI 



JlaJi ^ . iu i »ijj . »J . Al l f\y wl$>L J^u<j gl jLw&I J^Lu* (jl till j (j^ Jj.'imjj 
»i.v^ 1 o-wtilli SjIII jLw£jI *— foil 4 1 < * n mi . > itJrJl (jl^ll ^jJI (jA±jV I 


rv. 



jjoiill l JiLl J t- Ij a til 0.1* Vi l* jlji* (jl (^jii j w i-al* L <> ij $ji jlauVj 

? « h i / 1 >Jlj *>'tl jljJLi |i r OuiuVl AJl+I »r«*\X l >1 1 1 ii^*il J 4 L 1 LI j|j 4 D f jA 

I ftn O t • tjlj M. y . tA i f illl M i » .j * »VI O.LA tJ^I > . Dy jJk 4j> lutljl 

J*Iju jlj 4 (jAj jV I >j »All OlwVI O I j 1 I *jLxo_c.l < D jJk O.im VI ci I j. n>‘i 1 

• |J, ji »jiAil Ij^J i 1 > U « X i( 

: *jLu^jl J^lx* (jjSLi A ijuijll (fj jjjmjLI ritili 


• , A+D, 
sin ( — - — ) 


( 12 - 1 ) 


sin ( A / 2 ) v ' 

: |OmuI <1 jIaJII ijji in ^ iVnll ^ Ij <jjlj <1 Ui 

M- = A ( n - 1 ) (12-2) 

(^ic ^j_il ..tit J I *>^oJI cy Jfc ijjk (12-2) <JjLdl 

. ( Dy - D r ) tfjljll jjjuil ^Jfe Ji^ r fc i j*a.Vl 

Dy = A ( JJy - 1 ) 

D r = A ( (i r - 1 ) 

D v -D r = A(Hy-n r ) 


D v -D 


~ Mr 

Oi- 1 ) 


(12-3) 


Dy-D f 


«L^lj { j 1 a a « .*> »~ iV Lfil 4 Sjxij — jIjJLM ^ n«j ) 

L^j| jit 4 |J. j t < tiVl I, (LiXll Oji ijLb . A Him it I (^kIj 

: Jjl (j\ t I 1 1 1 till 1 jl ink’ll ^1 mrjl 


Mv + Hr 


(12-4) 



: Jji3 SjjS-i/U 

ijl jijuLcljj — 3 jLj2j Cwjc pUi +u I jj 

« Sj& * > j U1 1 jjl^Il fjJk (jjl JSJ jjij — 3 1 l * > i^ »t l^u/je j Ijljij otjj->H> iiijJ 

IJU4 I d <■*• ...» »»II AVI iuijlil jfi |UU| * IjtfJI OUoJuVl 

. JjU\^< i ylZlL(( r -f^) quj>JI c& <iLuII . ( V - NT ) 



1 aM <_uuXaJI »U*wjl jjl fjJa,jA j ^\>ill jj I ill jjJt A iiij >11 SjjJ jLajVj 

(J-v i m >*>tll q)Hj |J. r j >i >V I (j^il CwiaJI ijL jLulil >J<»1. >.> < R. j , R 2 

<■«.,. & I jit « »lj« * JI UA VI jit tjA | 1 1 -25? <liiLu j ci lm j iJ l i^Li ♦ 
: ji «Ij.a*ji <aJw^u cuujaJI ^j2 £j£* jjiii n 

F v • F, = ( R, + R, ) ( n v - |i, ) (12-5) 

: |i UjL^il » 1 1 Aj J I <aJuSU 4i>w*JL F i S^jS cul£ IjJj 

F = }(F V + F r ) 

F = j (Fv + M 

F = (R, +R 2 )(n- 1) (12-6) 

(12-6) - (12-5) csdjUllJUJ*, 

F v * F r ^ M v-Mr 

^l-l 


rvY 


F 


(12-7) 



<jjLL» Jaa^j < jj—ill I ^jlc. <(i>ii.t all * jJAj P jl,1 ill ^ 

liU£ ijj j f iuil l tjii 1 . | > iL.ii l jjk i mj all (ji (12*3) < (12“7) 

(af -lc < i a Lk SjjJ <jl (^\ t Sail I (juii {y* tyj'nA > 

Cityiiftil %£> ja^a — 0 1 \ t 

» 

tja <-C.J •■■ ? »-* ^jj^u (j^UI {yk (_) «■» ! ■> i ll y^Jka '. Yjt 

Lfl)Vj ( jle. 4 ‘ ~^ • ••** • 1 1 <* i^iSU <aj >^1 1 5 j\ i 1 *■- ‘ 4 (2^1 i <a^LL> (2/1 xi.ife 

iyk £-» ^llil £ <L»V <uiJc JiVunL dllj ■ olj.*aJl XjLulVU 

6j^Jaj O^U I < dui J *11 (£ji jll jj ill I jl ,i iij ■*’«j . ( A “ NY itt ) Qtli ^La-j 

<x_JuV I I *| j* L i t < w *J <li.it50 I I J jl*Jij JJ.UJ < O j-kl I 4 miJ *U 


„ . . CilaJ L^tLou 



: ylk F j & F -, L >^ “(yA (2£2l*a£tL* ^liMuift y» <A^jJ V <fc j k.-y k (jjjii Jo _yi (j I I 
(F v -F r ), + (F V -F,), = 0 (12-8) 

^ I i2." , ..l^j , ^jc P | & P o L*JI (2^.1t«J*ll jjjjLa jlij Sjji ^- u “ j* UJj 

: tJ i& Jm**i (12-7) <IjIju* 

(Fv-F r ), = F,P, 

( F v - F r ) 2 = F 2 P, 

t'jG lmSjc. yk <-mu 1 V 4-C i » % 4 Jo >■**» (12-8) <ljlAa 


rvr 



F, P, + F,P, = 0 (12-9) 

Uftj till jj « yLc. CglbudaJI ^ J£ j-Ltj 5jJ* jjV Ijlo^j 

tjjllla-a (^4 jlluijjt!l (ji^J (jl JjV tllli^ < iijii ^akVlj <L *V QututUll 

(jl lx* (J . ‘»«— . F , = - Fj J t I rtj i-t^bUI Cc.j-a. 'v I I la j_*£ J,U Vlj i £ La/>N 

. <LuJ«JI Jac Ifl <£jAaJJ 

jLtAjVI J**l_a _4 La^J 4 gtj-4-M.Lr ,jA <_k^i V <fij > % t OU& I— uaj| Jj&aj * L^jlj 

: ( 11-33 <fcj A.Tt « U <lil£ll • (1 <*Lwaa La^'iu j4Atjj 

F„, = F, + F 2 -dF,F, 

: (jlc. JjtAaa ^liAlalll jjlc. <Jjlxll 6 X* ^oJ^j 

AF eq = AF l + AF 2 ' dF l AF 2 ' dF 2 AF 1 (12-10) 

4 < tifc>tllj ja^V I 4 L4..i*i11j Cc^j 1 1 _)_a(l 2II Jyc. j jj »i AF^ 

. AF 2 & AF, JlV-iJl* JiUy 
: u* 4 AF «, u^* i^b 


AF, + AF 2 - dF, AF 2 - dF 2 AF, = 0 
AF. ( 1 -dF, ) + AF, ( 1 -dF, ) = 0 


( 12 - 11 ) 

( 12 - 12 ) 

(12-7) <IaUll 


F V ~ F r 

— — — — — = p 


.*. AF = P F 


F + F 
r 1 T r 2 

2 F , F 2 


(12-13) 

rylcjt-a^: (12-12) tr* 

PF, ( l - dF, ) + PF, ( 1 - dF, ) = 0 
F, + F, = 2d F, F 2 

= y(f, + f 2 ) 


(12-14) 



< jL**£iV I J«*L-a (JmAj l ^o <a^lV 4 xjaa^ ^i^ jj <j| ^1 

. ijrJJ j^jJ I Lf j.Utl m-JI Ui njll.1 4 jjL*h I <^LlaJL f jj£j (jl • ‘^-_‘ d <ilua4 1 *!*“,* 

: jLuoV^cjj^j 0^“ n / U 

^11 yJI oLu jilj jj—aJI Ji" {&»£ ^jjll jjL-wVI | fc ..iA (j-* J— a-fc tl ^4 <jmJI 
• ^ “• ***^ ttU I 4 Sl»*i* ^ <-jj*j t-Ll I iiUail 4 ml «iL^. i'<*-«Jl t . l^_i ij*.i * ■» i 

<j D I uIm ulUii # Lie (jryJ I <_j5kjo4j . jjJaxU ubU I j.>m* 

L>* ^- c > a - - > *■ } l4_il>a. Jirt Ti < (^f .-a^J I » L <.m.l c 4 >1% J_a^j-i t ^-fcl* JlLtut 

ft Tt till jjj i Jlilljj <i.yX*JI ff LaJl J 1| llrifaul JJ « Ccj&LmmII 

l/jlI] JilJI »j.iAll <_ia^ « * * > -~j a j(ajI ( _^Ic I • - I ^'tn - ^ujl 

tjl ^SSJI I j^J i P (jrjxjl <4Jja^ j£jil |_j4 jjj’mu >_ti* <j < * j-^ l*fc .X^j-i 

(ji lluAj ^OLLaJ I uj L.mlft JaiLuJI #j^JI 4xt£) tl^j ^ i i>1j jl (jjirfij 

• r^'> (a]I I j-A jjjij Qudl (jj l i j m i wl l #ji<A 

% c->( L*i (JjLuj Lfj LujjL <4 j v ia <ijjt ££*JI 4 ttujjr, > ,tl^ 

SjSL Uj < 1 .437 CvujjJI jLu&l J^L*_4 ^jc > ~| 336 *jLaj£jl JaIax < ^Ij2]l 

J ■ ■*•■! ‘I | \j ^ * 1 ‘ ^ r ciLJl £y* (Jj& iijf < 4 X l till jXUU R »l iti.X (>^ (l/jxil 

. ^— \ Y) J^i , 



rvo 


L£-*J * ^ui \ f. 



<ii jJ I £bJo*q jiii^ii <il* < (jlki I (jJc Lk j> i ^jC. jjlu» I (j*k I n ii g j I < i .l l f 

. I ijlc. <^jlS « ijk.iAk > *h S 'k -fafli j> i ii II ^ j > < CmJ I <«q» i fc jaj ^q 

< ^11 ill i_Li^n*i I 4 In m I jj jjjCJI I j_A JUj mJ 1 ( jJc v_>l i^ifcV) <_iljJal 

• * ■ •■'^ I (jLqqiVI jii^l 

<jjt AjjLhoJI <jjljlil O , l ,qV I JLilutl J .U* Jl jfcjq^ll SjJLk ( < kj I ml I £mJIj 

M- m - Vf jj> » I ^y» _>Ll I (jj* ^.faurJ I I jjt XaJ I jLi , <Lt^i-iJulf (jJc Sjjq^i 

S j » -»qaJI t >.i gulqq (£J$* -1-* * Ctl j ^t,>^ ~il Lfq <L^l ~lI I Ci^LhAJkll ^Jj>, kt < (juJI 

L<lK <_wjjkx)l v j •*» < <»jj > <~L&lJL i »j-S jqJLj ^.ftin.jjQuJI < /£> A ( ^Jc L«jI j 

< a jli nil (ImJJ J-*q Jil jJI fjJLtqlim 25 CT^l I ^^k m-^ll iq^qjll 

cjyJ I SjJji (jl (^1 • CgJtll <jqjJUI 4 InA t 1 Li jAoll I jjk km.^j ^\yua^yj jkl nt-^Vl <qjft (SJ? (jl 
— QvaII > , \ j k ill i UVJI ^jAj ~ IfjV Lk £ju <L ~> Ijl 1 I j ■ ^ k jlmll 

LaSk <l*^u ?J I jjJfc i A*»y\lc t it <qil f — <jjja]I <Joii! I jAj ~ £jJjJ I £y» 25 >A*aJI (^A^J 

R _ „ (U-HJjSAM 



v^i 

*££S\4i&iS\ 

l\--\0 j£& 

u~* Ifng g ll-^jl jjj jl <qj_>il I « Ll-aJ.1 jj-c. (j l q<k i > j| «jlqj LLu^l •*•■ * ~ j 

CA*J I ^q-^Tl V I (jdk ‘ CjJ-^ I j - Ui jl ^ kll 



tjii i_ij i hi I irtjl tilij Oj&i * V>J »» |kj£ • ■ * * ■• * tu | \ \ — NT J 

: »i i oil jlxy jLxmV I v-^joaj ^ 4 .i «it La J|j J£ Jt *uikJ 4 . ■ £mJI 



O'-'P) . jJajJj : Vjl 

i^iyut Lax £/uJI a ^iaJ a jLj) jl i^_*JI < * . < J f a_^J a jLjJ i j Vi jlvJI j mi 1 iVij 

. ^ N N — N Y | jC mt l jt La£ * ‘^‘■•■tl jfcLal L*) l till 4 awVI ^ * ^- ** 
Obi j. * > jjil J irti lliLi £gjbJI a Lad LLfjV La (jx j> ■ n.-^ll iLjJi I jl lill ^ui l.^ 

ijuJI a j-A a J j t ill <LilJI ^1 . <> ixlj 5 jt mil (jjj jl-Ufcj 4 >*>1 1 a it tsi\l 

( jx Jil LfJ <XJjlll <lall)l ( j dlj&j . LI |i I Via (jx J_— *1 (jj&t ,> J < *>* > LI fartll 


<i njaj ^ jj-jJ I JJulf a jLj ^^ic. JxJU < <ijix <mjt jJalll j » <~>i ibaVj 

. ^ N Y — NY JjSulJ I La5a ijul I Jikii a Li. t iV I j^*a J»vi (jjJ I jilil L < i^uj I 



('MOjSS 


rvv 



4 lr> ill I (j < F jioxl I jirt> m *>1 4_aj^U I Ojill <.i ,i i iX» .l I (jl 

LLfjV L jji i II i j» ui (jjj£u (j-* "LjiO < > ii.VkII . i fjJk <jLall ££jl11 SJlMjJI 

<? ». i mV I {JjL^J < l^tiO ^ ^ 1 I.gt |>I iiU'vl I Luil JuLaj (jl ^1 . (ItUlII t ill J I ^ . i q j4 

: oLujJaI I L ’i » jli L = 1 / 1 a _> v haii <^jSJLf 

0 + F = - L' 


. 4jjjJ4j 6 in -aJI jjl iJLu (^LfUl JjLillj 
,jjk < i n.vi>l I (jjSui 4 I a UV. ll jJaJI |uamu <JL»i Ll 

tjSLJj U util cmII OjjJUI <JojLlll joe. 4 ^_ui 25-uu ^u^aJI Sj3_4A 


ciLjaII i l ^juJI |jt 1 1 a jt 4 

-L + F = -L' 

100 _ 100 
-2T + F = — 


t>* Ou<. uV I Jjl < t-JL-u (Jjt a ill ^L£ Jjl JaaOl}j 

. ^uwuaJI 4 j ^ I oiU ^4 (^tj ^ > i 4 jjjJ4j t j t uJ!i < Ojllt |t m^JI 


: 0-\Y)JtiU 

J£ ij* J^,jl . jkui 20 <1 Lijill dailllj jia 5 u_A jJajJI t aJuiull 

. <jjjillj aJujuJI ^LuOkV) ^j4 Qjiaj^UI (^LduOail fj* 

: J-aJl 

: a«u*-JI a I itk->SU <auuiL 
« • | • « « 


100 c 100 
— + F ' =-500 


oo 


F , = - JA 


* 20 cm Lj^Uf <i»i » 11 > I jiull Cjj^h 

Ltjil I ^ Lu»SU <4xujJ (j|J 


100 


+ F, = 


100 


rvA 


25 


20 



F 2 = -1 A 

■ f-^lOO ** jaJI £x£iy 



(VP - >0 J^Cu< 

iji jaijjl C£aJI i i4ii< jl < Lu jZJI * l *ffc > I (joi‘J 4 >jV» jLajVI uuJI 

Cm < 4 a i mV I Vi J jj j CiV |>.l r» “> m’l i.utll llA ^iLu»Vj • ^utll jLl 

<?Ir»l*iU 4 jih*i 1L Ldii jiiill J)L . <aa^lj £mJI 4 ^' * " |^lc S in^JI Juj 

4 m.tfc ^IxCl ihL I « Aj I 25 1>* jj£| i^iil (j*» lll.i it • jk i4i*ii <jujJlil 

, pi liijjiti ^jiMduaj Ciij«n Xji 

-L + F = -L' 

JSLm jji < i^uILm LajIj ^LjjJJj cr ll jmVI JjUill (jl 

. jL-^yi 

: (t->t)JU4 

^»j^Ul 4 m.fJI ijji Jajjl « ^50 jlal JC^Jau <iili4M ([jU>l 3 Li ill 

Swljill 

: J-aJl 


m 



jJI . ..I j| U~tl joJ I ^_ui 25 Jju ( j J a V L^JI ^ jl i.rtj S# Ijill 

• L>i I ' ** *^ joill <jh»*> 1L <xjjil I < j*<J I <laii die CuudC 

100 c 100 
~2T + F = -icr 

.-. F = 2A 

^ui 50 (j? >V xll UjJU XjoiUaJI j| ^1 


: ( Presbyopia ) i.ijfUl SjiS ukx*a : loltj 
<JLaI 1I o^l I Aw II 1 1 *i i 1 •> "n m I i.ucuiijj t jj-*J I <it h> ^ic. jj-ul I jj^ Ladle. 

1| 1 lr> t'l jlj jiaoll j u>* j* iLa«l j£j ^ I ill • <>Ju£L)I yJt L^Jj«i3 judl dA i J 

j^ j^jUj jyJI cul£ I 1 J Ll . i* I jill <*i «LduA«J ^7 LlaJi L*joj < <jlfj VL» jj£j S jjjuII 

i i nAc ^Jl iW\*>f ^Lll; juJI jli < < t/ftll ( jlt SjjiJI < ,it i A ^JJ ULuiVLi jlalll jiAt 
4jjj] «LaV <1 »I J-«l Lufiul jjflwij « » I.U a ,11 1 j *ilr>i*l j* dAil ^j-lj jlajJI die. Oj_»_A 

6 jjl ji 6 jLc. ^ Jl?> ~i i ,r 0 . iJLuull 1 1 lUi*t j» (Jil oUli.n <jjj 21I |k L ula. VI 

^1 niTtVl <^jjl 1 1 ^ jh‘t> <1 jL* <iuit l| la <£>1*1 I a jaJi , Cil j <j£ja <mjf <ilaJ I 

. if Ijill die t^J^U. jlojj <LaV ? i » if u lii Jl I ani < iJjjuil 


: ^a^IuiVI : U^lj 


I a die. jl < (juJI Sj-£ jj£l ,jj f die. jLhajVI ^ i.ij all I JjI t iii’n 

<£>LmxaD <am*JLj > fcliVi judl ijj jl dll 1 jc gxu . jk till a j*L IjujUl ^vIojuj 


ul <sS* f ■‘■“■- ’> 1 1 o * **i tfl 4 tfj * » “ >1 1 o*- j-t >Vi 

• alj J4*. jflij ^ja!v I » I jflkV I 


JaI Sjj^ua jjLi < Jl^Ij i ii > ( jj «JL« j^loab jjJj joj I 6 jjt JXa Ojkl I jl 

C^J 1 > oto^oil ^ jU*i mlV (jyJ I jl , j_i.VI li ^11 jjlx. jjU mV jcla^il 



«^~ ><<iVI < _ ij f ^ u* l*-* CgJaiJI ** A (j oij fji iglih ^ > 

iji y < 4jjjJ^I Jjjii ( jj JjUllI ftJX. ( jJc J >« j < <XMilC nl.l^*UnL 

4 Irmiljj <il I < (jhtXaLiuJLf |^<JlL»jVI jjj *J^lj cJ j <mJJlJlj(^uJI 

jl (ji^V I £_LaII jji < £mJI <jjjJ # lV-fc‘ tl (^4 ijotVlL* (j^AU ^ Jt^ImVI 4-ujJjJI 

. ^Ijll £1411 ,> 

j jl^i < CuiL^j <->lj Iru n( ^ ^ Imft a <jjl^Ja_uiVI jl ^iAAJLuiV! CuiJJiJI 

. ( \ i - NT L£ « <JLu jl oj^* ul u^JJ 



( 44 JA (jjSl 1 a*ui < Ij ft m ^JjLui <iljia^wVI jjxt *l^jl ji <ji[)kuiVI ^im J «J I 6 jl 

: yJ jL>ail jjJc *laJVI yi 

F = R(n-l) 

yiuVf ^Jaxll lijifi 1 Cm^iJI IjLi jl 1 1 1 J«Lu |i < Lin * J I *IimI R. i-iJ^ 

Lft jj iji-i ■*• * 1 4_LiljJa*Myi CuUjJI ^aj] < jy-i-u IjJ I ^ Lit! I (j4 liXatJ Jil Cu)>iU 

, <Lu_)jLU yiiVl ^laill - {j* jaiL L» j^u < L^lj 

: (r-u)jii. 

<XmuHj ^jlu 40 >A*J (yit £-2 j <ju»j 2II l^llrtii £gjJ < 64 Ijill < i.mJ* ]I iyk) £\>iL» 

9 J»aJ <4 u-uJL fuM 50 •*»* £**J ‘ <>“• J“J 

: J_a 1! 



100 _ 100 

-i<r +F > -"m 

F, = +0.5 A 

fr 

4 \ i h'iIL 4 Ul'il I IixiVI lIo^ <? I nj »l I 

• C£*H o+ {“■“ 40>uu ^jJcj < igiuLU 


p ^ <L»V <jj£ LyJA fiJLLLuU jJooJ I Jj L |n> «rt~ll 

100 _ 100 
+ F-» “ - 


25 ' ' 2 40 

/. F 2 = + 1.5 A 

^IjUml q luu * jl^j jj 1 ,5 (Sj& C>* ^^uni llil 

. Lii'l £x&i ‘-‘j** ^ * 5 


TA\ 



j (ttr jjUj 

? « J . lj (j-ljJaJ I ^»jll — *£11 * ' »■ > * • : ijc. j$jl — N 

$ Cuu Jc <Jauoil^J <^lll I vlaII iqjJC ^-*1 *jfcL — X 

9 <_>*;> umV I — I SjjIj : *jIjL iLjC — V 

? d oluu I 1 * i j jduijc Cy> <±4jiy Jbj-A Oa^jl — £ 

j a ,-kV I *4jV I jL« 1 jI J^l « i < (^li, irf>^t,1 > (^l i iiXf tiy* ^-^5* ^ ^ • — o 

* 1 jL«^ji .521 ,1 .513 ** 4 b 

$ *1 1 4jJ£JI Sjill (ju Lie. < (jju*uJ*ll J£ «^2 Oa^jl .1 .721 

3 

ni l l| jlr Ui i lit < ^20- j^30(^fe^ * * • ■**** dxt<M Je — *\ 

* IjiTbl I S jy J I £/*t <il.i»l I -La^jl . S_>-» ii y .^.i'u OuJu|j < ijj* * lj» «Ljlj!Lt 

"| ,51 4 j •jfcVl (jjil LmjjJI SjU jlui^il JtLiu Lie t <j^willl S iUJ I 4 

* 1.524*-— ii-H 

2 Lfq>i jr LJ( jrLo t>* * • “ •■*■ * ■ ~ v • <a>*^ *■(*■ ■k -u o *j“L *-»>* — 1 — v 

<jjjJ £uii £ La.j ** <jM.Le t|y ^» 5 u * I v_i aj I jL* . 0.01 8 ( 4 j.iL Jjij * 

$ <ej*^ *11 jaJI ‘^y ■■•*- 1 T <A>) V Ljat.-! I jj < **>* iiLtejQ.045' jj ijl( *ic 
^.iiiiil* J£I j*m JI JaJI JLS^jI , 1 <lil£i,l L^jjJ £g*>. i uJC J^* V «Ti * — A 

*Jc I— «ji ij -*. m itillj j4.ikS(l *|jVl * ‘»»j *11 jl ni^'tl J^ L ,.* *u Lit « I | 

■ 1,541 ^ t sy.iMi ji...^\i j«i« . 1.5245,1.5155 :i_uij4Ji 

« 1 .659 

1 B <a^ji I <j j~n 11 > *j« * » £-* V <tj d^JU A y^ll l** * 4<« Jc \ 

xntJI j^jui < 1 5.34 CA* **»■> *11 <dj 1 <ti I ^LJI jiet » tirt > jjL I jLi 


rxr 



; 1 a If. t - 

: ■ ■_* ~j ~<l I !jJk j i ii>V lj jn a. ~kV lj JjjjSU A <. M »j.i, l l 2 jLa jLau^jI oiL»» L*_« 

(jijlVi ^uiui B <^uo«ii sjLjLy^jl o^uLmj< 1 .51 92 <1.5149 <1.5235 

91.6549. 1.6463,1.6635:^ 

<■■»■» . ^uui| OLAj-IoA * ■ ft « o\j <j-3kLa.j <jl^Jojuul ^j-lc (jlXftl »‘i« (jl ln*fc ^xuj — \ ♦ 

(jj» jia^j . <a!c Ij^j.aX ^juVlj <jl^IfimVl j t ~hl Ljlj-* jjAuIjJI Joa^II 

jl.m^il J^ljUa jjlj Laic < ( m UL.iIIj JjUoaJI j| kj < * ^ J_a^jl , <LL2JLI VfAaJI 

9 1 ,5^(>IaAuVl 2 jLft 

{_y* 20 jj u l jle. LLi£ I_>2 j ( j£] puM 22 tf jV JI La jju o *i»lc jjLjLuij j< i ^** . - » — NS 

$ <jjUoaJ JLaaxuiI T^y^y* 6 Ija (jl ^jln~i< nj «Uj i_ijJ I jJI L . <a1l£. 

2 < ^20 (ju <ac. Laj Mt ( ja!I iii aVI uojj jjl 4 X«j jftA iti — NY 

6 Jla j_jjG * ill ^1 in *aVl <j*.j jj-* < i*\ o*i ^1 * . .. > « H * j_« ■ .... ^ I , jl . 

9 <J <Laj£|I <Ja2ill ^ic <<iij»ll 

<iealll oaL£ Ijj. 2 «Ij-aD i ii 1 1 « \ A. ~ . ..j ^j| «j ( jaII * ■ ■■ > « II ■ ■ ■ •■ -^ I — N Y 

9 ijAjiI^JI I (J j <L»jUj < (jiiV I i nl I jji ^xm 36 ^<jaja 1 I 

jJ^J ^au 40jAil [^j l i ii . <J CujJllI 4 Ufl il I , A • ..V I ■ u Lm jn *>» iti — N i 

^ < — \>>LII JLuj — *JI i j tt l.l lll-hl . 8 0 JJ— All I J ( ^ . 1 ,1 Ii ft 

5 ^-Ui25 JAJ 

< i ii J »-l I Jjjil—* . ^-uil OOiJU (jic I 4 llfftS t jJaA |JjJa >iilfc i »i — No 

9 SjaaJI 42iaii ^ic, Cuujxll » jjk jajIj (jAjj S £» IjiU <1 c»j^UI 
• L * < <* “j *tl jit aI Fi .1 • ■ ^li- I i^i . .11 4 “Ul*. jj.Ai — N"\ 

^ l_^J I <4*|J J o t . l i ft jArtll (jjSu I jLft . III ftll <1 <Aj^UI 4 i Iijiljl . fkJM 20 

9 <i,iiJ*| I ft* unL 


XAi 



jl_-uVl »r.vT 
£ 


: ji^yi tyU - V' r 

.^Lu^U <^ljll <ji> ll (ji c^yJI 5jtLu^ » jU !jf^1 ji jLwouVI oVi 


< c^uJI ole 




t,| ■ \ i <»j jjill iyljll (J 4j « jLajVI C>**j 



o-^r) js 5 . 

A B i > . jgudl ^L*l o ILii iilfi l f j '-*|j » AB l - ■ 


A'B' 

a 


• cmJI ^ »<i^)l tfaaj yill <^ 1^11 (jji 6 jji jjAjjj . ^uJI ^j^jiiii 

= 6 • (jl i,i^ * | \ ~ NT *‘ ^yk i a d|uJI Zj> jlki jjU£ I jl 


. (^jiljll jjdillL CuilL* 6 ituai 

(ji jl < 6 jl— kAjVI i.umLu djoJI ^ f\ t, iti ^Jt A B * >> <rf>l) J^L jl 

*fc jl Jjl 1 jL-uajVI <Lylj Ojljjl 1. * K <il . Cfcjlj jljJL* jgjdl *j_£ jJL2 

Lajjc <i<.i_au L* . ^ »<>■>! I < -jti ^yu^j jljjl ^Llll^ t < .j&k *tJ 1 ^jic. ^3^11 Sjju^ll 

jjJu ^jx. jj-* jljji! jL-xuVI iylj j>l j] • < ijt> f “ * *> 11 o* v j~* * * 

, ( t - NT ) J£*£ . w 


TAo 


< CD 



(t-Vf) $3. 

< jljll ^ > »t i ^1 1 jl .,^j | 4 jLjj i jLl J » f. J « * > >j j 

LAjLuaj j j (jj5lj < ijyJ I ^L* I 6 jt ^ ^mn>U jjil (ja ^ I JLao-MjL 

Lul^JI Sjjuaall < -u> ll <jjlj L>U<Ju*all jLf-aJI , )>"*» ;} J • £>*-^££*11 lljil 6 j-a±£ 
, <JV I ^IjaouJ jjjJj 4 ■ ■■*’■ ^waJI <jJj <j<l 'n < CjaaJI <1VI <Lutljj <^jlll 

: ir) *4 t > l l — Y I \ T 

<xuJjJI jjli I (£jjall UlJJU (ja J5 1 SJU (jJc (jll^J t <L *)t M.mjf. ^Lal |> » MI% £aa^J lj| 

L_^_J La < i UiitJ I JiLi, (ja (jujf Cijlaj I jLl . <J .!?>>■ 4 t 6 j 6 I ^ ^ ^ - fc ‘- 1 **-" 

• ( V - NT J^iii | i ( In 1 1 «i > l^jlLbuj^* j i. ii f CuiJjJ I < |uuaJl 6 j_j £ a 6 jj ■ 1 

a j-6 jf Jj^j t (juJI jic l|*.\ ~fc_i jjJlJI <jj <o JI M^jljJI !»<»■% II ^jJ^Llail *all 

(jl (jjjJI J>a Jaa jt i«%ll V Ijuat till!* (ji(j . l^ja ^ i n%ll ojoil LaJii «L}jl jjl 

*i 6.1 »jj JudJI I JA ^1 *> j 6 1 I IIJ < imX» 1I ^ • ■■ -s-tl ■ -JJ * ~» 6 jl - -~ll J_‘ (jl jl < *1 ‘ ■*“ 
JuaJI Ijjk jjJj jx^JI (Jirtjj . |> i n II M ~fc ' Ij * 6,1 a 1I < tji&u (jl (juJI «^jL~ , ■■“ 
(jj L*S D< L lAljJI MiL^a ju^Sl |_^j>Lau ljuJ) (*^6 A*j (jJfc 6 jj uall <j lajjfc 

mi m^L L < mj all (jl (j^jiu judl Miijili mJoaIJI ik (jj^j Lpi (^l< ( T — W J JiLl 

CryJl 


TA'N 




jlc 6j l . rt tl I h fM-aJI Jjia j_> *<“ jLauVj 

0 £jj_i«aJI jL-aJ <jljj I h' iwijxIL <<j£JLI J^L jjij , 0 tjuJI ijj^iJI <JaJLil 


0 ' 

m = — 
0 


A'B' AB 
D 7 D 


.*. m = — 

h (13-1) 

(jjL^ <if & ) , ^l+JI JAaUI Jc U>**A. ^LLuYI JLUJI dJj ^jLu^ 

: oLuJaJI o>iLS • /^***aJI jju L^Ju / S 

- L + F = L' 

1 = 1 + 1 


' ’Djl (fl < 1+1* D Jaj jjlc , (>jlU Cijjjyi <LiJI Jlc ijj^all (jil 

: ^ j>uSull iiilju 


VAV 



m = 


h v 

h 


D 


- 1 


l h f 
jjjjliaJlj <JLjJ.il I oVV I ole. I mil ^liio 


(13-2) 

SjLc JwAmJI ^ -“jj 

. (jjUIl ^Jc 




* o->r)jtii 

i *i h*>1 • ^mui 3 ^jV ^l I Lfc Jjlj a ij hi Jr 

$ jgj^lll iji Jj^jI . ^24 Jju ^Ic. giyJl <jj^ill 

: JaJI 

>* m j-uUI 


f = 




, D , . 
m = ( y ' 1 > 

+ 3 , t = D = - 24 
- 24 


: dlijJ <jjj-llj SjjjuaJI 


m = 


+ 3 
m = 


- 1 


; o L u .ia l I |j^iti ^ Imliiii iuiiiil ^ ^ ■ »*^l I ifti jlftiVj 


1 1 1 

/ + f i 

f = +3 ,i = - 24 

/ = 2.67 cm 




: s4>Jl wLySjJl-r/ir 

i li^i j j» i o Ju olj jjJjV I i F & F ( ^hiijf I Ijjk u^jL 

4 _ujJjJI Lai < <j\t >u)L till ji *jj 0 .lie h ^-“^11 <^l^y I fjAj 

ell jjj CmJI jJojj ^1 1 ^Lll Jj .Li (£j 3 -aJI 1 *.i » > > F 2 Mjilill 


TAA 





2 . . ..\H . : jA * i .i.U h , * JJ ^^VlU M diJia^l^h r < . > ilaA? 

jj^'l ijliAll jaj j^lc <ljij jijll f uj£i J i *^ c ’ ^! 

• Lao*j <>* >UU 

Uxju,> Jil Ul- XJU^ h, ij^JI *1 a Orn^JI £-*>• J^ 

^ Ui , I-, ^injil jit h 2 <IjIh* 5>4-» h , Sjj-uaJ ojiili * 

. ( ?««!■■' tjoJI Cwl5k I j| I j*-^« 25 Jv cr^ <S ^ ) 


h d 



m, & m 2 I J ^iV 

: ijjk m «LJ£JI I lj* 

m = m l x m 2 (13“3) 

^j^JI JjuJIj I / 5 <> xJjuaJI StLjj / M j * > j »a l l ijC- { m>M 0*1 oAA* 111 1 

: jjlLoLuijjJI ^ <*lMill<*-Jtii 


7 + 7 


: fM^aJI Jw^j 5jy-®M Jfci-CW^Luull^* nij 



(13-4) 
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m i = 


i ' 

( 77 


i) 


i M 

itt ill jt }Lii V] jlijj V / ^ i uvtl j iu ^ji jLltL < CfaLuil <1 jUII ui>Ai ^ >j ^ 
ljj« i^i <jV>» II jjull <ji Li . Lujil f j (jjLim * j Lie I jLj clljjj < Hj*>_h!mH >% JI 
jLlcI (ji-Aj villi! < (^ )VJI Uuju (j-* jju- o l <_iluJI £)& I j <_>iiiaJI S j v uaII jjuij 4 1 > Ajl 

J ‘ 1 j*| kllljjtJ , FI I_^iu4jilll JjJoJ 4 (j4**‘ ■ ■■ ' ■ H „) > )I1 L|jLui_l f 


H 

m - = T 


(13-5) 


4^jiU 1 1 i j ‘I ■ l*‘ ■■■ ) ‘ . |J - ** [J * ■*.«ll?...ftl ji jliVl^j 

: jJk ( 13-2 <1 jLl> ) <aujJI vuil < ij « I <JLui|^y 


, D t . 

m 2 = ( y - 1 ) 


(13-6) 


JjuJ I jJk 4 cjuJ] Lj jiJ I I JJU ji 3) A tifc 

• (J-* *-4^ >U M «i*44 jjJll jjjil » oil j (jis 1 

(13-7) 


m = ( 4- - 1 ) (£ - 1 ) 

I | 1* 


: L»j£ ^jLwI b JLA j 

(13-8) 


H , D . , 
m = — ( - — 1 ) 
f f 

i , i 2 

. t_4j£u4 jijl I 4 4>l JjL FI <*un> 

i OxwmII £yk f mi ^11 uji jljjl Li j.i jilll UjLfcll *i Xk 

. <L tie II (jp iL lI JaJ I L& j4jil)t jf Jjj illlij . LldJU jlij 

: 3o4i*il - i I \ Y 

oli n ij r i J lc 1 .4^4 <,ill, i jj il ijji <1 jljfil jljj l »jjf 


X\. 



i t ia 11 L| '*-« J^ju < j,jJ I < > "> aJI { \£l ,jl villjJ . j j « (jjb* j— iu ol j 

ijJI ^jk lSJ~* itn i£jJ_a» Vjj < 4 t t i A I 

^ i «»i<J I jLw^jl ^>Lla^ jLui^jI J 4 I 1 U c^j jjj t^Li Ojj ^ ^wjJI JaiLuJI 

4auiV I ^li « CuiilaJI jt 1 11 ^ 4jl^j ^ I jLiaI tj cil.tju « ?/u Mill 

t# I ■■«“ .“I iitUiu Jjjil < jLultl ||n J I 4 K J«i Jj (.^jllulJ^Jll 4 i n HI ^J| 

L*i»< Sj>«JJli <n<j >JL jjjjx A.i ij mil 4 .mA» II (jJt (jlU _i . ij\ X ^>aJI 

. S \ V»*J> I <*u «L*J I ^ jj I njfkjX I I^AUU 

tj^iill <Ui U »Uj I j I CkLtw 

U 1LJI 1^.^ ln> j < ^Lak^ll J)jk Aj$ <. . ft 1 rt*> ^iij A ^lc ^ t u.lfr 

6 j jljll |4 < 11 %ll . ( 0 — N V ) Jlii «<^ j*i ( <|4 

^ni ^11 ££4 j j iJI SLaj < jrL_a»jJI £>■* ^Lmi. • 

jl m^‘il *_UL»_4 ^uAj <J Ci-tji < Mi.la.il (^» ~i mil q Ui «J lj 

. |i < <L-ujjJI SjU 

^ u 1 iA jj < 5 n irtll V 

1\ 1 0 ->t ) r 1 c < m.u J I gJam jj^* o* ( — ) ***■* ^ *■ 

A I " »* 

A A* »t* <ia£j SjjL i^> l ^ Uji m^'il JJU *L» mV I j | hi . ^hmll jJttA 4 i‘ ^ 41 
. Lj£ Uuj itijAJk V <mijaJI qJoj-u (ji (fi i ( r |i ) jIjxu C j5k_>ll jaxi t ji ^II 

£jL»JI ^LxdJull • 0 Jjc. CJuij -LA 4 I J 1 A « Ctaii (^1 (jijXi i^ll j 

, BE aLJVI jvla-uu (j* U.jU _) 1 1>^ 1 1 ali OB l| II 

I J^uJI <? 1 M.tt A £yk 

CO _ sin i' 

CB sin (COB) 

(r/n) 1 



r\\ 



: (jl 3j i tr* COB I ijl (>\> 

sin i 
|i = — — - 
sin i 

ABC i*> fll I ^ — « i <j «L-u-< CAB 

AC _ sin i 

CB sin i v ^ 

CB = r c£l 

AC = |i r 

t 4 nijall ^Irnii £y> ( ) J ft A ^.m ^ Ol ^ «illj 

H 

<±)lj ^^Jx. i-»5j_Ij Vj « jikjil ( t* }J. ) x*j (J j£. Lula jjjSlj jl i .. <W L <iy£2ll 

’ &£ <s * o* jj j£j Sjj-uall jji < J^yLbJI 


: ujLAA\-*/Sr 

jA > gj oV C m J c ^ < ijiutl j4J^J ^i^liil ^»1 *k I » nj 

»j Sjj^uaJ I 6 Jm ji 1 1 ij i-> *j>ho jujuJI i ^ jVjimIL 

ftjj iu*l I (jjSuit < — iji i <xL-ftJI ^A>-* UJ-MJ ‘ * j\> »lli jftwj <_«V (£j^1 tuilf <Iaujjl^i 

— 4 tljy.tJ Ij 4 iii »J I <j| , 1 1 Jj| i Ujju ^loli Jil LfLft Sju { ^ic. 

. (^LbwJjdJ lAj jV -JI jjjOxJI f\y * > 4 LajjJij <£jL«uj — c^jlLaJjl J[jJ» 


■Ljjili! ft i ufl < lu-A11 CuJaIL <jill ft ' v t-all ^j*^*** < Ju^aJI |J*x 


• ( *\ — W ^(JS« A? I jJail . Xbol_>ll {££■ LkljJ jjill l jJk i I2 ftjj£* 



Ljjljj « ot (j-* ~>H jLkAjj <jl j (jiiiJI ^J^L)I 

• Uf ** . » < j»«i « i l ^ in j jffi ll JjjSj i P jLu] 
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(h,/f 2 ) / ( h , / f, ) 


m = (13-9) 

( 2 F l 

LJ$j < 4ut >*i l I ft s y^j H jjujJ I < mi« JI ijl (jjj i n'il I ^j| 

, I uti l I j4jSj ftjJ Cljlj <LMdJulf ^jS ol^_J I iji Cljlj 


: >yu ^uu\/\r 

J | u i j ft j^aI <g^Aft ix&J ‘ «..> Ljl^^La. jiLl 

\ yjjH ^jLuiIl jl <11, •* j m l ■ * JJ I^Vl jl U‘l «l ULj_^| injj i <JL*aLwI 

it^ 1 1 4j^I t ft O Ij ftifc ft t y <a 1 1 ill i ii l^j < i * i . * 3 ... i> | | i ft 

(jj Sj ‘ I (ju £-<-oj3 OjiL* <^uj6 I «LmJjJI L») , xulJI 

^luijujl Ul m il ^jl £jl • 4 ^-UJlU I .tftall LjjLuljI *■ ** » ■* 1 1 ftj^j < >».•!! j(j * • «ll 

. ( V — N V J JCtUl US UyjjLiL ij u >v JI U|j, u i Ljjc ^jL<J 



Cv-vc5 jO; 


nr 



Lojjj i I j Lfj j)(£a Sjj-tA I ijic- <iaJlLuJf < > > t <SU 

I <1 .l‘tf. <kli jdi »jjl i/> t-4*»l< jdijj i fcl * diliRxuiV I tJ4 jajj «*i <? jn 1 1 1 J)l 

uji ylj % <i ',~i a a <j uxfc . j-^I JI Ul yj ( jlli laUjill j \% nail ^n£u tjiiiffc 


<_l‘ua 11 ^flV J I JAal) ijjLi If JaJI tllij jjLS I jU < I | S l V l^JI (jc. <J*IJtll JJU jjJc 
i <mt It (.yjjaJI JjuJI j^a }Lii jaSkl JjuII sill j I jjj <LLfi V La Jji /i SjjmcJI jjU < 

jjJ&j i£>_>0» J 4 atull ijj-lij j^SLajJ ■ till j ,j-» V ^5| ijlSL* ,jj Sjj^w»)l C^J Si 

. <Ljjill <iaijJI joe (jl i <UL<ta ^hAil JjIju jju l/ 1c 


Cul£ I jU . (J iiiJI Cl>ni*fc Lo£ ^LIIa jllila u* Jl&ll I <_nnVi 


m 


£ 

a 


: 111 I »j2 jjjSi j Sj>hAi|j f m> D jLajVI p & ex 


Ft 

F7 (13-10) 


ijU <jwuiull jU jl < <jui*JI ^1 jj/sl jjUjji £/j Uinill ( jj| joj&JI <tjJ 

, Hjjinll ^j^ JI jtJI yjj ^jtjiLlI ^jjJI JjuJI 


: ( Huygens Eye-piece )ji^A -V / \Y* 

i >i mi V I |jV < jl ■ ‘V* ^Jauail^j » I ■■■ ^ I olmjlll ^ I t > ■ ..V l^lij 

t iji « j.^> uiljaaVI <jjlj oil^ Ijj < tJJklj <kL j^^Jll (JjIZj (SJ^ ^ aMI jh* *J» 1 

j| ■ * ‘ i* a ^uadJI (j fyf y£l tilljJ I t—ll I jlj l «K (^j£ll e^wJI jljj jj 

3 . m Ji f <j-a C£>^ Jil tjj irt>l(j . ( _ r yJJIj (jjfll <jj^,-,ll fjA UU a 1 1 

4. jjlj t l i ii i J^ixJI i^jlj jl ^1 < CwJjJI j^iuN (jo (jjLuhJL ull^uVI ^ i n Ij LaV 

3, mjf la| la < Stljfclj i.dujr £y» Via (jCLuuJc ^l.\>, t<xli Vj kiU j ^jLi jjj • jr. a >*il 

jjjSkJ dijjti ‘ ^J , |J lull LaL 1 a |1 Uilai I ^Ja^JI <dtJJ »■ » jlluiiall • Ljjluyl 

> ( A - NT J (JSulii yi La5k I jglinJill yj Ij^lj H>all jljja ^liui oiljaajl 

• (jujl i.li M ll f F T <^»LJI ^Jlljall yAU^j < JLaJll F J yjjVl Lllj)| I y«lM(J 


r\t 



a 


b 


g 


f 2 ^ 
(N-vr)jsS 


0 <ji jLitlu * J£*iJI 

C>* ~ (f \ ~ L»jl > ** * ^ L«—±JI ,jLi Ijlj < ab = be jji >t-? > .j < ig*i h>jl*JI 

: 0 * C£*i 4 


bg = be 


= — a e 
2 


JLJ.I L-jjJ jaJI > fj a e = f, 

• s>* *UiLJI ^mJil l jc y\jf I <«“■>« II i^y» <4j£Jtl Jju ulljj 

ag = ( f, - d ) = 4 

• 3^ 4 aiLi!l ^4 ■» 1 jjc b ilic CUI4JI t Jaj 

bg = — ( f , - d ) = f 


: t jjJu ol mJ» ll (jjlli 


— + 
/ 


f ,-d + f. 


d = f, - f 2 


f , -d 


OaJ UI43 

(13-11) 


* V u^*« (£>£ ^t > ** *~ t Jb-— II 4il ^ViTi « mi <1 jLaJLI * jjk 

• Cgij&N uru IaLJLI ( jj£S<jl 

( 12-14 <JjU. ) d <_iL_ U_- 4 J^ ( ^_lu.j J d ^_^UI . o~-lL\lb 

d = T ( f i + f 2 )aJ^u1v-W 


T\o 




Oi& crki 

= 0^3 

d = J ( f. + f 2 ) = f i - { 2 

f, = 3 f 2 : iufr J\ J\ 

t. ij*fc j < <a^ll ‘ia ijrUmir (j*» JjjSjj jlaaaJ \ «Utuc. ^jli **li jjj 

jj^I JLlxuiV I j > X JlaJU q In 1 1 < < (juJI Ia^m JH ^ia>uJI JjUi 

< JoJLa < j ) I OcJuV I J l ii'iinV Ijji m I 4 t »i i iU 1 ^laxu < OluiV I < 1^44 ^ 

i^u <iLJllj i ££-aJI H * nj»l jj^JI lUall t_ibuitl JlaJ.1 nj*l ^j^JI ^jl L!l 

. CmJ I I iUJ I ■ ‘‘■■*1 <jjluu j I i lj Vj i\ il I I a|j.Ui Jjill (J-* C{j3— J*ll 


: (Opthalmoscope ) C«*3I jU»L.-A/>r 

jLhAiVI <JU. J)C > iJLfllj ( £gudl £li il Ji^kaJI * lain I i • > ^lioj jl IA’h 

jo£l Jju ijlc. L oV 4 mJf ^.Ltl ^ S j 1 "** j* ^‘i t5[jj ♦ • L^jjjjx. |uau^j 

'-i I.rtl Ja^u^jV I Ujj__», M (af Jc JnA *M "J Ok-tLVl ^■4-yl’ii I LaX A J £yk ^ jit 
< i ii j,f Ini utli M il^tl OluiVI jn^tu > 4 jj^Rj > » ii jt « jaiaLi 

< <JL*wVl 1| jk Jjjj ££aII 4j£jwuu jjJt <Jojlll »U4k oiLSk lj| . £gjJI 3Jajj 


Sl^l jS- *jjJI {y> <Ljl>U C*j^ JSul^^Lt ££*11 <>• 

. ^ ^ — \V j |J^ ‘ 4j£o**JI * \ %JL& ■ ■ ilitll Qt£ ^J| 





s 



aJLa ji ^jSLuuII Jii <JaAj OuuVl ^ ^ “ < * » ■ !■ •« jxc (juJI Ijj 

< toll V (jruJLaJI ll£ i ^JaJI JjJa <JLa* jjj Uxju ^4 ^ . 1 "(j i jJftiJI 

ji a> < i^VC t_4 1 CiL m jt L» <-ij tlrJ I ^ i/lj jL^iVI L^)jf 

1 irtjl CjLj jll H Irt <j I ^Jc kill j ' <-l£x i.ij I <jlc. L-»L*j Cl* -4 ^’l xS < * itlV I <j I ^J4 

, <XL4lj Cttx^l (JJJ I*1||LJJ < CiLujJkjJ I 4 JJk ^J.*k Li Jll I jl l^ilt [ j^ LII <_4j dUi 

: ( Epidiascope ) 

JIL* < <il * Ml J-Lfc ^LutAkV 4 J t*> • JJ-hA Jjic (Jj Irt-fcll jl+aJI I jjl 

<Jr>i u I 4 Jjjui 4* L^l ^muaJI 4# Lk-aJ ( ^Jfc jL^JI XtuA^J < k_jli£ { ji Ujt jl 

<> I »J irtl I J>i*i mj fi. ( N. - \r M, 4 lj_^ S jiUM 

4 j^M I | " L...(j. -w L <.10 ji r ^Jl jijii L I4I4J <ojLj i\jjk ^ic O ^ 10'vll 

• I Joaj JiU jk O ^ 1 11^ II 



Y\V 


: ( Sextant ) (jrfitiwJl y * l 

. x^aI^I jt ^Ijuaj ii -a i l j. t \ i , < u jjjJ I <^jl ji I juLil ■>! i m > j l j ^ 

0 j^i jlftli q a i jj-® J* j-a» < ■ r> i Aft « t . >1^11 M | S Ijj» ^JJ i^yt 

^.iti.-yll Lj l j j 2 7~ij~ ^ »j M 0 slj-o M | *jjil ^L»i UjjIj Jj ‘t jj 1 <1* 

J^iii • V ^jX« iyJ 1 I j A ^ic Sljll tJJi jljjJ ^jlj juLj M <il I « >J IOJ jl^ll 

^LufcUl JjU < <ij»i Sl^t ojl j I j] <jl la ^Jc jLfjJI I jjk ii«*n*(j . ( N \ —NY) 

. | dl J Clljj] t_Jllail (J ifc J . OljjJI > UlA ^jluU ^jljj JjJU I 



(»-(r)js 3 


i ^ I f S | 1 j I * ^Ixui Iriiiiii <Ljlj I A OLuil Jui^i I 1 1,1 1 » jXXcl 


ylx S 1 ^LuiL liimjjT 1 11 til I Cluii J^l J y*£} LjJiLa* '*** » * < M | itAiAllI 

M-, S -> ^Uuill lj ) i ' < '*‘ * ■*“■■'■ * 1 1 *jjlj i~ » ifill M 2 SjIjjJI 2 1 jXI 
< ty ^ tu l tll <j jj J1 ^ A jjj (jil ttUtA > v_u^uulzill J*A^ M, 

. Vtjiuuall iljill Ifjl { jle. V ^juLitl 2# 1^2 

(J 1 a, 6 M2 Sl jil Sjljj t-t-VJ < R <Liill ,U«I ^ J.IOJ JUjI Ijl 



<i)lj u-L JUl i* ij-i j-a&J « R S JjVl £ m,..i I I jl l Iu I ylc. - hi 

<jjlj v.Li ^ j iX m Cyl Cjjilj— iH i£-i jj—iJI (X* uLx*^ 

•JJ^j < ijrtjj-* Quit .A* jljx’u S jLc V ^ Lii I d)j| ! .»ll 3ji> irJI <jl jjJI 

. ^ U..,t J I (jljjJ <jjl j (jJafcJ 

< i ■ | »j* * ■ ‘I I »~i qj«iii> ij\j I Lijj uu Ly t < «j LiJLa i <JI ^ * Aj 

• CjCIIHiI CjI i n~fc - I t «».".■■ K dll^j 4 j i nlj ^1 1 nvV ^LiijVI ££-UU l iX tj Li- u lj l^ a .i ±i£fj 



jbs. (Hill! 


I j»n^f i. h.mLuj jj<2k*tlt jji CkjjLi i Jnj mi <L*V <L«M«iift ci* ii"i ml I3j N 

^ CAJ^I 

: I »| » t^.t. ..*1 £gi*V «_jjjj ■ — X 

? V^WJ^U^ ” N 

S*-o<».h<- Y 

? CtuL^I Vl^uil juujlj < i£Ail&J I ''ft <Jl>< til I J*i ^|U 

. ^^L^* TO SL.-A 3 t ^IiJI i -r 

^jll jji^lllj p 3>* j;tlJla»jlfoi* Sjj>JiII <mJu*il JjuII I j| — o 

Uj $ <Jiit ~fc l I Mx k i A *J ^ >y jl J.A.J I JjjSkJ L&i 8j-» jUttlil lj_|4 <jlf. 

S ^ inUill Cj^f fcLJLI 

jfctg A >1 u>jl i ii t> K 1 lla< l i i»l aJ J ^ui4 <1 6 (j flV JI 1 * A .t a i ^jl — 1 

? Lj£ jjlfj V XU Juc 5 jj— cJI jJj] L*J4& jn<H I iji l. . Ij» JLUU 

Oi»ouil aL^j 4 f uuu 2.5 < ju»ll Cuija|j 1 .25 mJ< 1 ^iu.hJ ^ /t JI Xuail — 0 

J « **> ! O-l l£ I jjji . <44— -Lull I jj«* ^JUU 1 ,87 Xu (jic JJ » 1 <•» |*. iiaflt jn^ll |j«XMl 

Uj ? > lljlCJ I u IimJC qU aUuJI Ui I jt.l II 30^ <j <M*k 14*1^11 J l 0 1.1.14* 

? ^aJI J4&JI jljl* 

^4U i] 5 — L*| *m JJul Ij ^yui 5 <"lj‘lj*!j Jwu J "| <i4l4wJ {^\VJI JJLxll qj^UljStM — *\ 

6 

< J * 4 i m 1I gaJI Xu da^jL* L>uJI u 25 XU < jjc <ulfjl Sj^aaII OjI£ I jlj < 

? j4J^j iaoAj 

<AJ 1^‘>1 1 < 4 ^ u * oU,4lA < ^WUi 5<4444 a|j jUu 1 2 *" ^ | *g| ( Jull^tLlU. — V 



$ JJifvill I 30 <**■* (J-l*- 

< ^ t ii 2^1% ^250^^0 i l*. > 1 1 (^l*v i^^Lwxc A 

-5 

JLjxujI j^4J i J*^iil . (jLljlj 10 X 5 AjLuAjj Hjjlj JiOj I ^! '* > l» <lj 

S 1 t.^fcl^ll jic ^ - -»ll jLiul <ylj Ja^j|j 4 jajiJI li^l (^*>4 nj<itl 


jiaill joaJ |U^4^J CLull^J <— flj£ i£jJI J494ki jU>l* JaX \ 

C i^UlJ jUtl I 


£JLjja j m ^lijjl jLakjj i^u A m JI <U1 ^IjJLLluL «J > ij^ £juil - . N 




^ U > C'f 

uiulall 


: ^jill CAttM-WW 

I j| i <•> £>| “ j itif. ^jLuhJI Jjj-kll jjj jjjLJI uuaJI jjj - > . Ltu^ I 

44-* ul>^^ * j- 4 * oLlflJI tjljTu I 4 » y m Jjlj^ ,jJ] J Irfc .~n jj-Al* ^ 1 j— • 

Js i l o >U I o b • u? « “ *V ^ b I j Juo^ b b >i**V b ^ b >aa.V I 

4_jJli ^b • Ijl «»^il L>^ fcfCI jji-kiaJ I ^jiJI 1 aIu < jj_JLjJLI yi IjL^il j)b^^ 

JJUC. OuA I * b«^l I OjtVl 4 ^Luu| Aa*J (HA < ciial tile. 1 ll.k’iO 

i jj -*•■; » ■ ■■ ^ ~ ■ ■■ » . itl <jumI j^\j .U^J i * b * ■**■*»•" Ifcit VL C»J * i n 

. 3 ...i‘.JI 


JjJj*JL £j£—L* La— ^ vj i i, ,,l n ll is-—* J ** « *> ^ jll » , i t lrJ b 

' 'll Lfil i.«s ■ *1 *n ijk LajLmJuI <_c.j_u«j <_*lx >.>jUII £l>J ui*<L H j • (\ ~ * N N ) 
jj^bli ijUII ^b*l ‘if « » « b ll » ib^ ^.>4^11 JLaJ»b ^ J 1 * 1 '* * 

. wt tr> > * > i h V b b ^*£1 bj 1, b u“ I 

Oui^U ^.> r*.*{yk i u. J1 vJjJall ^-Ltlb 



© 


o *» 



OuJuVl < L oV 1 1 iji a I j* O-AVI Kj^y* jjfljij 

<J(_JXjVl 6JJk j^lj jijjjj • ^ * j»# <H|J.*1I * jjk jj£j jl 

< ■*■ * jl « m < <Jaoui|^J 1 | ri in'll { jk ^ •> ll I j^aj < Ij Ul lat a i *fc ll LfJ i 1 jl* jil i r O I 

i <jjl jJLa OuJuV I Lf.ia ^ j a-li L <wJjJ I ijy* ji jjSLJ 4~* Ifcl I ^i^y* UxiAjj 

d_>aJu i Lfi JiAIjj j>=s* J>=* jjjS Ckiii *jc.l2 c *A * jyuUl* 

L*JJJAJ kJulaJI jl^ll ^jf Ojlj_lll <— I jl^l JIa Ti , 4_^jJ_a ijjlj 4 Iftj ah ft 

ji t /ti (jjl \J& ^ 4> >j> < T tw^*^ ii Jill 1 1 1 ti ^jall Ui i ii < jj i mi 1 1 

<j!uc (ji jlaolL lijju^i ^tL ■ *jt«H SjidhAa <^jli < ^Vt^Liaill (g >V JI ^jluJll 

dLljj)J . c(jSuullll <J Ixiti 1 ^>y jl ^jluJI l ji jljulxli (jUul Sjlc > c^uJill 

. jJojaJI ^Jolil {J 1l. i— LJoJI * I jail ja * ja. (jjJaij jl j^>j 

wjLJJI * I j^l j<* * ja. (^1 (jJ] Cfxajj j£aj ^ji-a. ix^b J^-**-* dj-*’ jjJLi 

, ^jil j ^Ua ^.Lc. djaaj <jj ^yC.i.mL J i o~w La£ ^IimIjJ jljJ 



I <jjljjU,l <1 I mV I ijjjJ Vjf Jat.n'u ila-»ll 1 1 J I jlXfcj (lie 

jvw-aJ ^iiiKII i j* r* i A 1 j jlxaljull jtUjall ^j4 Hjn f <lLj*alj 

^iK.all ^^ic. jdaj^aJI jljJajl ^y^yt jLa. < j'm *1 I Lfj Caa^JU <Ju(jajl dj^Mj < . ,\ . j ij 
i ■•■ I mV I <a^y_a ^ I u Ti II j ail ml I jUeu-ail ciljj^ . ,U* jll 

v_i^J jSa(j — i j i a jj i rtl (jJj ^...Ull J^Lai i iJ^kljiaLiLutl jJfi i *i 111 (j 

i -h .i ^ lj Ifl JJ-^ >fi*3 JIa, i <*JuV I <a^>» Lfi ^all <J|jaiVl J^a^j — 

jj^J ilu < ijjl^J-a <^>11 ji* i^jLaJI OuduVl jjSa till i jjJ-*l*,lll jdoj-^JI 

. 4li ii Jf 6 jji ^4 <^o*t I 

>*ll,ti\j SjL* jLu&I JaliL* ^LJil < ^JaiJJ * jl j^l j » j jL a ^ ) ~*^ ^ I •al i »j 
i D r , D v tj t? ■ m * 1J 1j>*aV 1 iiA<>ll lJI^aJVI ^jdjlj o^l j i » « . I 

• ( D v - D r )^ljll C i l m i il l jj^t A * j _ l« i r> <_l_uiI j ijjlj jj n i ‘i« jjj LaJ I > *> -a 



: ^ <1^1 j <« <,ti V I (jjSj (12- 2) ja* jll (jjiLi 

D = A(M) 

jj i i nl l tjli jLi^il JaIju (J. 

D v = A ( p, v - 1 ) 

D r = A ( jLt r - 1 ) 

(D v -D r ) = (ji v -ji r )A (14-1) 

• (j-A CO C i l i V i t l jjJc 6 jJuiJI 

Hv 'Hr 


(0 = 


Py-Pr 

D 


(14 - 2) 


i ii *fcl l Lm (jJlZI Lfjl jjit < n jjJLIU S«iL» jL-u£jl J^Lla 

• ul <s^ * V b y k3 ^ I 

(14 - 3) 


1 


n = j (H v + M 


■ <J*M ebii-r/u 

■ ££*-■*)-> (jJj > % U >1 1 1— ijJaJI ^ i iii'ij 

vJLtJ^j j « 1 iii j i IjJn : uJk £ ljj| {jJI p i ii l*i jj <j»l • nl t .4 j U — | 

• j-Lvjj-uj >rt*l *1 dukj tj«al Ifl'l *1 > t_iin : (jLc^j <j_AJ t j^al >1 oLJL ~ tw> 

Qu ! jLaII ^^ 11 jl oIjiJIoLu^l JUAil »jUII 

. v ^]| tlji ij* Ajjll (j| >jJ»l j^aJ . <jJaaJ«I Olioll oLjjl <<> a 

/’v> LjUUA JU4I A jl **1 .A ij£ j-LAJ <xtl -%.A Clljl ill A ( jj vJj -fc.lt Ct Ujj jSfclj L^-J lr>_> -fcj 

Jjil jjJ| ^Juj__A 4 ilia . i . u a "i^H j > ij 1 A.t‘if . <_3LLJI 

< <aj1^aIIj <LuljIiVI <*LLJI qU JjjAJ I j t ■ ii i <ji.i 1 aa ilLL tjill iii< ( in < 4 aa 



I oaIa h < AmUII jjja f Aijrh hf «ajU» /i wU J£ui gJc <tfUJI *jx 

3 ^ a Jjia gX X Aujfc (he / X ) • mmvJJI <— ili» <jj& C <Lxj-uj c*il£ 

( J " -yy "<» — ) . t. lj l J lgM L - A ..JL. .4 Jl— > - ».... 1 - ,«yi xlcj. 

g* JULIaI gLS liL-i . j^iUI UJJ1 <> <it£* gi OH^ 1 <SJi 

3 > I-* 3 ItlLllI ^la.^I ( E 2 , Ej ) > 

. gULA gj| <1 Ja* jl^jgS^AiJl I gi gfJoA dlljj 4 Oa(a "L^a J>U * JJk JlXuVI 

E, -E 2 = hf = ( he / X ) (14-4) 

ijjy gi V.ilr> a>l 4 3j_>lx 3 Vj lA.A J^kjk gA gjftjj I >1iLa..uVI k-ixla gj£li tiUljJ 
<Uu&Vl <JBv>A gi#,>Jill j > « ^ • IaaXa <xiia» gJc. IgLsJI * JJl j| I a\ j < l^Lkikl 

S 4 UI 3 ».J t >4j £jil Li4j < * itkil gi > »a>Ij^j J^kaJI JJjC. t.ifi . jJL^jg TLt 4 JL 

1 jjjll j()II |jt iJLai£II jl ^jlll 1x4 ^iVmij tdljjj 4 1 . jL tJ n fcll ^a^ull 

. LjuLui Lfik^Aj g^gjxSU gkaJI » L l fl Jl gJAA^j 

<11x4 gJx gJaAgxL » 1 > I a.j > 1 uJuL I 4 J <LaaajaJI jIjUj oIa£j 1I <UL» gi L*t 

gi li|i« u»^a gift uk^yu g(jlt luljxull * 14 ] gj&jj * ^ ^xjuajI git V t j iAk 0 JaalgJu 

tiLtti LiJjJ jt ggjla* LaA^I£ I^jSa gi Ixl : gljjl^j JajjXu J£l 4 j(a IaJS 4 tJiijJI 
JjlftJ *jX4 <1 gl^jg i £j t M ^IxLlwjLjj , |-k « IQ > gtigUI gj£u gl jt « J-fc a i,rt> jAh.V (5 

J^gLxil gA ij Xt^ Ijljubl gj^t* ^ j4 fo* jj 1 Jmjxa J^l ggijJI wu£jl)l gX«A 4 SgaA^h 

• gijujl jjlau 32 a2j1I 

£Ajil llllXtfel Jjc. ll * A i < Ctljlll gA Vju ClLlgxJI Jjlll gA ^JaAjAxIl tJuJLM 

gxLa. j^Laj-Ju «JLIa ^aaa # gJAj^ll Xj »« X 1 ^Ia jU, g-» J ftli> • JLa.iai JiLik 

jl O^J^I cAP <> tf 1 > ^ ^ « C0 2 OXA^I gill ^ 

^A 4 Ctlgj gj] < ‘K » * I jl VI <ULaJI AJi4 gi g-LiJI vJLLil l aa*>J Vj . ^A,ut I 



• ^ jU-k ll Ijlrt jlj4 CiljOll *0k OjJJ I 

( n t lj j • kUk>1 j4 (jiu.tiJI v.SjVj < ^>*1 mi l iiiljujVI uJtl* ( iojI tilll^J 

Ioj^ jgl fcw'i al& <i1 U^aJU (jjkl < gj^jlll <Lahjal <ilLJI j|jil (jc 

o 

ol j Cil^pj-i &■ . J i J < 3 jl„>Jk. £-Jjj fa < r 550 y— l|>Bh 5 j <LttjOl J-Okj i «>1U1 

<l^jj £-m>» f gAHi dlajj * 4 > oL»^4 J(jL] 

it j iull 1 181LII <j|jll i»i »i> U ttiljLiiVI «. i_i L jj dlj u^j • IjajJi LfrLiljl 

i IjL dial Jla-4J • (j > “ * *> * 11 UL>UI (jlj J ■* « *V l i*i till (jt fjj4 <jfejlL» t 1‘j*^ 

• gA>“ Jei* '>*-■ 

umu O I ijl I Cil^jdll 1 1 tf- IjstJ^tll O 1 1 ytl I oLLJI j] ^4 I ulliill 

CiljOll < •> j‘‘i t m. » » nl ^iJI < <-iUall oljj 1 1ll > > ml Cilj< > *^1*^ I Sjljl 

Jljial Ifl t c«1<h)A <!um 2 ^L^Vl LfiL^luiJl ot^yi *0-* *A>C Olc^J < * jjUill 

. Jjokfj* (jjJ <a» jjl* v tjJrJI 11* (jljll j+lat dial < jjU*JI tdoDI yi CtLa^ll 

: J^LrtUVt l.ljJl — 

* ‘‘‘‘*]J * <oifc j| -1~» jt'iim tiiLuil t.i_tln jJI ^ Lmll I ■ 

fj - -*ll I**- * ■ •• < (jlt4.Mll! t ^ l rt Jit J4*i nil I t. It 1 ft II Ijil Ifl 4 l‘l4i.l> 7 nil Ijl I ItlrJ 1 IjA 

ill* (^JjOtVl jLii <*>^1 ji JJlA^ jl^H^J-tJI ji JJ O^Vl 

^jk < 4*i« » J^jUl <dc j^iUl (jut imII »j,i^J 1^ m2 1 ii 4 UiU ^infill (ji j-iLil liiL* < 
^JLaJI *1* (ji i It lull (j. 4-ufcjj . I u (jtll ^ *ij iAU Jc^IoaJI £ 0 ^( 3 ^* (juij 


jLUll (jCa^jjO-iVl (jljA < 4 IU 4 J^Ja-aJI j>fi> ^ i ? ii,*J(j . (j lwU I (j4tL* A*i 4 V I *. i tl it t 

4 ^jltVlj oljUII jaIu till , ^LluVL ^oll (jjlll juii jouVl »ji A ll (j-* j 4l 4 j 

. J4jj| IJtA JJJ4 jk Ifclxw] Liltlai (jljJl (Jttli ijlill 

J ■ “ 4 oJ^J J^jlfw^ l i ju ttli l I i li l n !jk (j^l I rt 1 tl I ftT t j 4 

(j^lj < J ^ l|ljL»»l injj ^Aitl Jjuujt jiLi ^ im -ajC (ji 1 4. 1 . tj l (jb < i—^j-lai 


l.V 



<a»jJ Jjli* jmU«[ < iVlj.~.(jlAl( (_^if itJli Jeuatu 

J^jU'v (jJk <UA4 Oa^jA Vljiol <ia jrtui l|bl-^ (JaojVI jaj Lkjic Jljl < Sjlj&il 

|ji LuljJjU . (ji>4 i n il uiilt ji * li^ui < jljil *J-A (jal irt *i >1 

jji | II jli. (jl j^jJL jjOa^j . (jif <MI jji <uaa jj^Lc <\y^O (j-1*- JViUmiVI 

< (jijVl |jJfc > 1 1 ti i^i (jl Jil < jjiuilll (jJ UjjJaJI t^a^j vJbJuj£l 

tJi IjJ iliali tiibuil ■ * Lkil ^ ■■■! I ^aIiauVI ulJa Ul 

< u U^H ^LaltV I > iulri ylc. Jj>^-JI <jLjja jni‘» <jJa J • -~ **-\j . <a2a4 JojIjJu <JlaJI 
JbIIjom Jjijj . I | ■ -~l ■ »l vJLla joaJ jljil SjLLI <o£jj jjc (jniiV I >j < At 1 jlj_*L 
Cul£ I jl ijlll Jjjfi, Jaalj^ull 4 jjfe ^Luijl Jj^j SjULI (^<al ml 4 VI 

iaj IjjJL L^l (jj jit I < l UoJ SJ Ij ^ j) I <u Jj J SjC SJjSu <JjjJaJ I *XA i>i*(J • J^l * ^4 

. I »| tlf. ^jjAlil J| tltl SjXM ^J — I ■ ■»*»! 


: Jjj-aaJI £ja — T J \t 

; <jjV I jj JeJL Mi Kit 4 uiLlal Jjmall j^u 

: 44 UI i_ijb - I 

jj*J u|) SjLfc jfc.lt ~i I lljj < JalLl^JLI itlLlUil ‘ * 1 ylc. J^I^ASkJI Iji ^iAJLU^j 
L^L^liJ] < ^ILI oljj jjLLUj >*1 L <> ^Jc Oui^i < ^JJJ i nil 

^liHuL u|i uLL ji <_ >| 11 1 ■ *jt-l ^jLtll Jlillj . l|J jjJll > , ijUll jiaali 

. ^UJt^L 


: ci^la - 41 

o* £ji> 1 < jLaj ^ jl jLt jji jjj-illl ok. <jJt J m t\ j 

< ijljjJtJI £<Jlaa (jl JJ ^jl^la*)! wjjJLjj iii4 > tlaj Jku « I (jA,jt M_uJaII twjLLfcjV I 


i.A 



>J irtIL i j Ij-l!uJI i j lull I £/Vj jk *hl I ^ j itiTn JJjlij ^m-^ll (j-« jjl l~"j jjjjc. 

L>j ^ > > j< «J >1 LjuIikiJI iJ^lj <ojljiax4jl CiLaJjl ^ SjUll ^.i^j . SjUll dtli 

. SjljJhJI iic 


: ^>L 11 lyigUl t-i^b - ^ 

Lfi <c.jJL* <j|jaj| jji < J>K > JikiiAi jl i"i VI CtaLt jUJI £u^jj 4 _>lr Jn» >\j 

> iiUll t ^j^iu Jjl juju i ,L|i> jXu&aj j^l litl 4 (jLU'^SI (jLjifti 

£# I lA^jJ X 1 > ■ *» » i»l I 4 <jjLaJjl i ill jJ 6 jLc. 4 _£j_^1oJ I *«1A p* 


HJ ■ J 


• s-jLuliteoUiU’Vlj 


: Cia 3 3 ju*SM j\ 2 juSt'i\ —t / \ i 

JL i L 1 1 >a jin loll i A > i jin Jxt^i ji*> ~h I j i tif 1 41 LJ I (jj jll Jjl^i 
J'fjjl Sjlj^JI <AjJ (ji «La*J-i 4 4 _a£L^JU l_LlLJI (jinl.i* I ml III ^ ^ j J " ■ -- 

L»£ j I ^t ill JJU <j!tjll joe. <iiail I yi i <ulpl Jiaj I 1 | 1 ^- 

(j-a ^,*>i1..ijil J-£j . ( Y — M )JC/Jb 



UmVI jj a"(j . jj Uill #>uaII 



OL M i Ti V [ I U JjL JJ& LA < ^jIjaJI U>uL l » IjjIjaJI 

^ L m.oAU (jJflll jjj «Ai l l J* aI L n1 Lfili dl^lj < j-aJ) Jf» y l .t i rtl L |.>ai 
jlfjak j) 4 iyu* JLujajjJI t+j£ iL iA l l Salt . SjluuII 

<lAtiJI 5 jL*JL ^ 3jj2j 3 <-^jlL» jjju <_>«Li a « l u ^All ^ImhVI 

, ^UajJJ l^uAjau Jc 

£u>* < (^^Lftijll J^ A U I fJjji Um f ^i< Aj V olj^aJI >3 l^] <A-iuVl > t jU ^ujljJ jjfc 

Mt>A> ^•kLfctjjl JjAil Jjjlwti dJjJ ! 3j)l >^1 1 CuilVl > Ji lU (J rtlll il ^jLaII £ lab^ll jj 

uk JjuXua LA < 3xAVl *<1|J ^jiuilL llliA j j‘i«j ^all < ^JJU 

dutk ( V ~ N i ^ Ji C j t , R j (^ jl« LA Mj M n SjaL* Ujm oLutlf caj WuVl 

<-Ai a jjLSL c>t. . 1 1 1 1 «*> jji jjjj o lA VI jAjj ^itii LI jil iji 

jJ^j 1 1 . i> LII JLllutl <( ni 1 1 >i tl> A1 id ( j Aj « T JLn< j *il^a> ^^ ^".ii 

Cl> » ^ •« >SlSl j <4 -AjJoJ I >>l til II jvLiA < JijJdlJjiL J 'A I > juLoA a )!L^l(ija> L_i I 
Jl i SI ml (j2Lu * cij»» £-* <ojlj^al I OjLcli jjitUI ijljj jLcj i »IjaaJI 

. <LiLJI <*AV I vJuL ULUI <LiaJJI olA ^1 




jlj * >VI ^ImII LajJaLI m>II ^ju^VI jjLmm jul 

* u*k>4^ uJW^N o«J>b 


: ^yal^tH /jU 3ju&Vt — • / > i 
•lift Ui^k , jJ.i t iiA J > i»k ^1 t/uLuMfe ^il^iiji^jl IA] 

jlfJkj 

(>» < h k > >1 > < 2 LUI o*j Uji jaSI laijjji jSIUjj « i n k \ i l |j »lijjil fculYLSjJu j5b 
i j>UlU iJLLD a . ^ t u i iJ I cijLJI J>i j2a5 3jSja jik Ijutl 4j+j {J ia, Jju La « tJ^JJI 
<L«^lVl * j-* £ l“?OM LJmI -Lftj m iki J I <LulYl * 1 * ■»•; » - •• ij(j 

ULLmII j4j(j^II S«iL £}* i i iii'i > jjUn'i^itJL 1 1 oljj 44 A vj) j] < Iju^ 

• jijIjSII (>» x ti l J( (jji <xJuVl > U ^ I M .I GlLutjA • -«■* 1 Lu&Yl 

*jj 2 ll Lu«Vl *J^li . *LaJI ijk l|J ^uiiJI jU 

u**j*3i Laic tiU^j 4 a C jjaIaaa jjLuuVI ^iirt ji <jjlLtl oL£jl( ^>iuu ^lc 
^jj| , j^^iaJI ^jJc. ^,^ 1 J/> * “k li 3 J « r jji jcLui Lfj] L*£ . LfJ aJLJf 
1 *^ (| »l3 ■*‘“ • ■■ oljliil jJc UJtVl tii ciliim I j|j . oLill lui JjaL 

. jljll [j A t il < Lt > U JlII t^Aliall ■ fc ‘-‘--‘ l|jj 

1 

La lj| Salt I (j* jjLa »j. 1 A jii^b jA L jj ikll Sj^LbJIj 

Salt! LjjL > btt*L jjLJI ^a^ll J^JLll liti^jj . 3 _i i» mi‘>>ll i< i 3 * ■ tVl 
jLj] UAJ ^2 *i 4 l|AA £»(iUul jIjaUmL jjAU jljJll fjiJU tJL^j . Laa&U IaAjaJLI 

jJI * "(J*^ till* jjIU i ml jimi'ilL SjJkUeJf * JJI kjjA(j < <1 t,y mi I till ,< fc i <L-JmV I 

. <L*al&ll «dd l^jki 

a»UL cjtu >LL*i 4 JJIaJLI J u>£H jl>^ 

^jjjLJI jjilxw J j l fk ,» j u« 1 V 1 ajJJL 4 J>akin fji J±Jhjj]£JI J^Jai a jaj^VI 



. CumVI a jp I *| * » JiZ LiJit i ^L^LII 


: (jrftludklj ^Iua^V) £l>^ — 

OipL I^utll till ju j | l~jj < <La (jii^im ( j> l* |> » u ■% ulc. (jJhjf tl >j -i A Jgj ,..i I jl 
V J h ~p Ij < ijjj Vl (jjj l I Ije. La j< (jlpVl >•> (jol aj Jj^Vl ^ i ii^l Li . M tfi *A 1 1 


m> Vl (jlpl jjl oLiiVj , Ij^Aj j-ax»VI jjjJJI tfj iJuUI (jljll ^ j-aa fj-» i j£*i 

IfXA Ijl . 4 a (j(p| ol j IaLua. 1 < kjpall (jlpl (j-i 4 Iii^l’l U HI 

<ilttlll Lf k ^ Ijl La| < (jjill 4>xul J. L u <jU 4_(p |jJ«. Ciiu-jJ >. ttLJI (j»* ? a L»1 a (fi l ji 

Ojill ^ a UV a » l,>« A ,. a j-a—uJI , ij-ij AJ-Ju jljjj (ju-AJ LfJ ^xll 

. jjj Vl.jl )^a>Vl ^*1*111 <IL1 a y* » Ijtxu (juJI Ullj^j c LliJI ^a jiA^Vl 


I j] l| ■ >-l ■ 4 tmtlL vJtii.V AJ < j^L.i^V I jjlpVl ^uK>,W <> I it'll L ■*•■ t-! -J LaS^J 

(_^jil i ^ ■ ■■^•11 ^jp l»Lc. I * J * * *J LI 1 (jlpl jM u ■jJ I (JaIaj j| . IjbU (pxul fjxa jx 

a y |> mi pi (JaxaI Ijl La| . (j j ll tilJjj Ijj a1 a ^ i io>l I (£j±i • J.Aui jjl ^L* ■ ... 

. (jjill 4 >xul jnu..pl jJja <-Jc <LJLJI > IjJnJI (jlpl 
Cil^pjllli < 1 | t Ir JaiLuJI tjxaJJ ^^ap.1 J^Joll pk (jJ lL (juJI { ju\ ih-a j <— Mj-u 
oI^>aII La I jLuaVl (j^UL Lull. da | jj-IoJU < ^Ixa .., ^ 16000^1 Jpail olj 
, » iiiinll ^ J JL Lulling j ^ In* ~i LfjU I ^jj*ti»-l>‘lj3000 t j— a. VA J »L I 4 J 1 jjJI 

uP t -4 C& tjpll jJjj V ol<H>iJI jjA £m-II (> p£. Ini tjij Lajlc^j 


(jl (jl . _>L-ttVl (jplL LuLu^l ( jJaju j.A-^Vlj _)A^Vl (jjjjiJI (j^ Ljl^ ^ULaj . 

(jjAjJ-IL (jul III -> VI I 4 J A 0A|. 4 t CiI^>< 3-AJ Cl I A jJU Ijl j i.t ^ VI (jjJil (^J4 (jl (j ^ A J (joJ I 

( J ‘ .1 > «P Ij J ■ Ij j-Aa>V I ^ <x|jl (jljJl (jSHj . l*-A j .ALV Ijj-a^VI 

■ t?J— a>^l (jlpVl (j-A Jala (JjpL* jjx CfixJI L_|J (^uaj (jl (ji-4J V ^Ul (jljjVl ^^43 < 

^ _>~i'i jlfia] (ji»iJ • <4^lull <^J|Vl (jl^jVl Jnl^i Mjlja>| (jixj (^p (_>uLuak| Jii l^jxllj 



■ 









u>U b 


H 


La£ jiljj ££15 . <-a(jV I jljJVl jyjjk 

• V I ,j IjJV I | Sjjlj o^’G ( i — \ i ) 
Ca£ < l*-* (jruil JS» ^ Ini in ■* l ‘_‘ j> - ^ ^IjJI a jjk ^uuu 
i 4 _> i lr>l~i ~^~i *L^j'i 111 a <JLL1 a < yi I « ^ U 1 ii "~ 

^IjJl^Vlol^lVl 

a. -a ll SjSIjJI <ju ^LLill , | J (jj^U 

( l -) l ) (J>J h ‘ 

“ * V^ L> j-a-^-VI ijU tj jJ-JuIl ^UauUI (j J lli^UI jl < jv ill JUi Lai£ 

> Jirt*hV(j^>lntt Jl (jU (jLuoJI 

U^UbuLi-Jb jJ—Vl : OblVl 

J * * o Vl (j^lJI (jl •ia^iLjjObAjJaJI (jf^lVL 

Lfaajl JjLu j . A AV Ij j, a -hV l £j-a (j C. J^jij (5 jJ I 
jjjVl (■fJjVl (j>UI < 1 a a i t I n i I (jljll 

^j^a (jl La£ . (jUxJlj Lll^LJ ? 1 1 11'ilLj JUILjj . 

(jL-uJij ui^aij >^vi >ji <^,vi (jijivi 

£j>L*11 <L$j 1 .*iit I <aI mil * !<»**» 

i*-n)jS 3 . 

• ( 0 - Si JjjLlN,,- fcull jiljj 

, villj (jt Lxiijj Uj t It l u ll jjljJ] £j-» ( *\ — M 




T c c+t 1 


£ . • > \ . -»J 


v i 1 ■ ^ 


T 



U-M) j££ 

nr 













(jj.il I « tjuliii(j die *jJj£ <jlaM I I j (jljjV I £ja f\yJ^y* j hijj 

(jljll U^l £* 6blVl ,jJc rJ I illfci . (jljlVl <j-* « oLakjjJ 

(jljjVl ^jLu L(l« • <ajLS Lil^]| jJmu > iibJL (jljlVl ^Je tjj ■/> -^1 1 1 ■»!> > 

• u^i^l u>M j> ' . I i 'll I lj ^<aaV Ij j-«-^V I 

. jju«VI q 4 1 I jLhaVjj>^<LfauJ(^ Ul^UI 

( j^3 < 0*^1 qU tilij <jfc 1 * Aii -k*l Jolk Ijl (jk.all 1 * (jj^jl <jj : (JULp 

* j. A ^1 j^JV (j j trf>-^Vl Laj(j « jjjV Ij jii^ V I till j£ j in^V Ij JA»V I (jl^>U I kill J <Cl» I 

. <*(!!« (jljll l+K 


t\i 



^JLc AIImiI 


‘ JaSLfcJI » j • * i ! (J JLi ^ « »ii^ll ,*i J <jl Lfj cmi ^j*il — \ 

S ^ i »«i‘i ^MbitaJI ^a(^ik i^yk 

Q > Lli ^Jci t jl mtll ? t_Lkiall jul la - Y 

:w 3L.UJk-r 

bj 4-0 15 *15 jjj £L»^JI <>• «^®- <ajLS • Ij-oa. (f y 

• Lut JMsfc {_y» LfcJJ ^1 (Sjr* Vj ‘ £>J JWi Ufl] 

jLc - kl * tC J J ® ® ^* '^j‘ £jSla| 4^1 t 5j l r> j4 La - £ 

S ^Jaoju ^jle. «uLij£l jJ*4 < ^juaitill ( jA 

*! jJ Laj ‘Lujll j 4 C cJLiaV I { jJk La — 0 

9 L^-ijj loll i Q l I j I 

? jil niil | — <Ujjli] | S jjb UcJ I : fjC O^JU La j$J I — *\ 


1 \ 0 






: 0h**>* 0£*j* Jil ^3 — > / >0 

JNlVll 4j^J-a <K^ii (jl J-AJC.1 i aj.ijJI !jk 4^3^11 <jj^Jij ji>ll (jJcl LaJUft 


oLap a t II jlAiil^ j.t irtl I j* Qlj-aVl jl iii i il <i4(j • Jn>tt(jJI jA 4 .a hat a ij ii^ ttj i hi 
jjljJ JS>*m jjJc oLa^j >**>11 4JJI j<ii1i*i it .la < <-la Jc^um Joe. (j£Lbu * La qUxm ^jic. 


. f x t ^ M j4j-» L*j£ja 


Ua ~aj ^j]l qUm. 1I LflU < 4 ij t a <JiaJ die. 4_»ji,l jJ iii j*i> i it,* t_ij_c 


la£ . 4 j^jJU 4J*jaJI (ja jjlall <j*ail IfJ ^jill JaAjJI qj »Ti v.tlJu ^Ulj « ^jiAll jJaaIL 
4la j I tTui Ljjjlj Laajja IjSja UjLltl (j£ju <a^jll jXiD I^yk 4 Ini'i J£ jj| ^yaji 


I »J I All I HA^U. juiii 

Ctla^jJLI * jjt JaIjII < 4jj£ CiLa^a 1 »| itia.J j I j *--■>* iJlLt jlil Ijli 

je ^i^uall i J nil! ju jjJail ^jA i—OLaYI <kii ^1 Jic O^uJI t J-. t *ll 

‘ *1^^- 1 Ijl La| < * «<• I . A »■ 6# L^ll dllj jjc qII jjJoJI { ji jljA.Lll C>.t aII Ijj dlld^j ■ jltaa 

< ^ Laic. I *■ »1~* * cJJj jc ti»JI CutijL 1*| >y jt lall 

> J »^11 IjJ— uo_a ^ij SLt <jl caaj CmJI 4_ajj_a aj-^aJI JaJj-llI 5j-*Uo 

Lajl J |JjI jl jJk < <Uiljla I Jj^a 4*i ani l ejalall qIj^I (jj£l jl . £>dajljla 

jj 4 - (jvluAila jjjit irt« fJtV>..iLj JUdlll jl|Jaj Jj~a~n wj dJj(j . .JaJl ^ i J -a"i a 
> . tia J ■ « ■ (jl * j*y ■ Ctl^j-kll i*i» n ^Ul (£jUI <_ijAjJLail <f \ . hLujV I CjI I mil (ja 


Cjjilajljia Cry^O-a ^ jl ( ja^ i (J£«MU jlja lx aL 

^j| <f lx tig j ^ . u >l < J-^lj J.taaaaj I Aji (jl I.MJ.J a (jh ~l U i l (jj» (jUjjLuO 

S Ji.t. II ui^>ZL) i * Juaalj <LU2 j die Culj jLxlllj jal I i^> 1 -L IjLuaa t a | i a J£ , ) ~ k “ > j 


i\V 



^jk jj-ill ( jli . li a | OjjI ^jJI jLbJLI JjJa fjk j >-Lll ^Jc jj^ic <-Mj < A ll 

<<ixl iAa SjJJI i’hSu ^1 foil I jjlSI <^jJU Jji» (>* I irfi I jux. jLJll 

(_$l L»l JA J^ljlll jjUi < <^jll JjJo t — > l < rfifcii I Ljji IjUC jImJLI ^jJI (JjjAJ I jjK Ijl la I 

, <Uju]| aJA Aac ^llcl <iU'l4 i Jintl 

: Young ^ji^a-r/io 

<J_>kiU (jifcX. Jjl J > ~| « ~i . aj-woJI jAlolJ <J>a*4 

Lk, S «l~* ■ ■■+ Liu A liLi l^-u j i o I . »j. Al I i • j >U ^jc. j *>-^ _> k 1| t » Aj jjii I 
S jail I 1.1* flai ^-‘ A jjj . i_*fl J5»a jjlil ^jLa.1 { J*y*** jAu ftj <aJA 

J)l t_>A j— il . ( N— No ) Jj£ai S JL,VI jail I £aAj (J-* Sj , S 2 j^l j l nl Ilia jjLLui 

Ui ini tfjJI JlLJI fjc R <Al.iiia> ^Ijjua La|i(j d jA S 2 & Sj <^u <iCuJLI 

. ^ l-a .At) jfi >jjl «<ill UulV I 4jJc 



dij S 2 i S | igl-wlill tfj Ijii 3 alb* 4 4 n i A a J^jlrt-1 JSl&il I JA ^^lc. j| U*t 


\ t > > < |^*i^ *i >1 1 Jlij <il JiaV . JAIaoII J^IaAJl iiA Oj a « m 

■ lalaj 4 alAYta J1UI ^jle. 5#LkAVI <alUIl J^Umll JlaJI ^ ^tlVi Ifia ajaAJI 

Via • IjJ^y <aila AhilffcJ jl (j^uajiAll jjlt ajxAll iiL-iJ j| dll j-a d • IJ >»'Hj 

. • 

jJjjU l^Ax^j (jl jtiii j]ll i * JI ijjiiiJI •'• ** 1 > .‘^^**‘ * “* 


£ VA 



LutaiV I fjlc. j I ( lj|U^ II I J «'■■■*■ ijjtdA oUu-a ^ 

, 4tl*>^ 1 1 JaL^jVl j ■ .X’i~ JjJj 

L>UI Jjj j I jlilfaul — JaJjiil oil JlJ+Jo j _ > mi\ ) 

L.I . Aj>. >-w" i S n £y» ijjLt-o (SJ -^ I £-* S | jj -• tjjLo i ^ _‘7\J * ^ *" I ~ JiLJI 

i till il H-yni ^ >IU 6i*I* £ IS £-• Ctl IfoJ I (>* .ia^jJ 1 «iw < ^■ • ■kr 

» JLA J LaoVj A. jiHj ^OaLLutll »j^all <a^y* JjJaj JaJ.uJ I t_jJUI ojU otiLuJLI Jajjjj 

u-* S, , S j CjjlaJlill 050 <ALull ,j] ^ ji\j . ( X — \ 0 _>!!*-» 

£-* 4 6 ^jl j ^.‘uaj ft Lao I ^jk JiLkl I ( jlx. <kii yJk P R lft| if JjLaJ I Jju < d 


0 . 4 Li'.ll y <iLioo jAjjj voOfll JaI P <UUI Joe. ia^j . OS «JjL»jJf 



— <LkoljILt S 2 , S | pjW > 1 ft) I jt JjjL-flJI I oLa*jj-» lioj 


j>k <^A Jl)A 4>^0 u , i ‘ cllji Jkj J>l P 3 In i i l 1 Jooojj Lkjuc. (j£]j « J^*ll 

j LoJL I (j j $l\ I jjk (jjLuu ( X — \ 0 )J C jlII<4m i* ui . ( S 2 P ■ S j P) j4j j Lol I 

. d sin 0 

Qy* , n m JJaI I^jLuo d Sin 6 jjli I jj yA4 soJJk jfJijj < <^j2S t^JUho 

m = 0 , yl jljc^U »a!I ^oiJI Ills m du* m A < A «jJJI J^ L 


t 



t >4 i A > lyiAA Jaj^w <S^ 1 i 2 , 3 , .... 


d sin 0 = m X (15 _ 

yj m = 0 a » jtl Jilill uit^ll ja O <Jailll ik jijJLI jji *!j < Al 1 i*t^ L [ % 

ui ,j j$j O j^jdl j>c lx-uu m fJj yOfll j — Lij-icj . (15 - 1 ) <Uj 1 ' 

: O^. 


y = R tan 0 (15-2) 

jl . "■ f I .*11 M . |,t ,a» » j, i irt Lkjl J ,‘i»5u 0 <-jjlj-ll (jV (3 

(15 - 2 ) *U jLl> »a*i cIIaj ton 0 = sin 0 

y = R sin 0 ( 15 . 3 ) 

O jSjll m yj^JI jju i jic. (15 - 1 ) 


y = R 


mA, 

_ 


(15 -4) 


X ^jk m , ( m + 1 ) ^cJUia cfrLu a i <4 LJU CxAs 



(15 - 5) 


X <Li l.wt ll ^uLL 1 LjifclH Lii 1 nl I <L*k&U JjJail C£±jd 

Q I AljJ ■ ( 15 - 5) 3 JjLlLI ^>1.1 *1 ml d & R jf .1 > d Ij CglJ 1 “> 1 a (^U j.14 £>U 

X ol mil o>jl£ 1 aK S j , S ^ 1 ^** *»- * *1 1 d LiLuJ.1 pjj njt I ,al5> (j| <IjL*II 
ijj I*- * -*- ** ■■■■ 1 a ^ . a jLc d — 1 mm oLail uj&j • ^l* j V> j * * Lm IjjiV I 
OS Jakll jAj j l < > 11 JJ -a « jl. l " > a I (j-Jt £-*-£*> 4 

. JilaJI jt JjJiC 


Jkljj 


; gjJjjil Jo* J^Ij2 — T j 

>A O^jl ‘ gAJi LjAJ fjk Ctl^lill (J ic, aj-waJI ^jja. jjl Jjjj cJm t# £l 



t t 

OjJ^ 1 * 1 4 cr^* ^,l^*li<il < t-jJjJI jj^J^j 

S »j. oAll jut o> « ^,i * jutLiJI *h V« CjjJLjJij (jdt <‘i t^"jj < 4 4^L kJjju 

i jjjjjMaJll OtwVl jlui^jl jjLiajlj S | & S 0 jLij^M d /i t S> fli < I »| .1 a I 

.(r-NoJjJLUI^i 



j.tirt tl (jujtu tillj^) • y titul l.^iliL>ll jaJI » j L>*> j jLjj wj^ll qjj <Uill J>f 

<^jLa»V I »j-uall J,>J» uLa <j£*J £>» ^ j • JJ-^ d l C>* ^ 

£|U JLA-JI i jJk <JLJI *±Jk iji d <JL. J l (jjikJ t-ij. =fc . (15 “ 5 ) ^y* f..\ ^ ~> mil 

I t ^ " . ..t i 3JL-JI * xa jl, ■>,„>! >jj . S j.t irt *11 S | & S -, LMj^iii'tllu ujj mil 

ijiLi ( jlt. Jjmtll <LmoaII < JjL^JIj jjjilll Cj^i <mir 

JjJa vdlx$j < ii>»> all jt > n oil I >t Afj jtui tJI tUU S j , S ^ m •!! 

• ^uuaJI ■■> * h ^Jc Uj... I • ♦ ^p mll Jju t jJ^j ^ i i i J* I I >1 1 ul < ■! • >j < ‘ a II 

^jjLu^jS j * S 2 dju d dj-J1^3| i i u >1 1 J^L 5 jj-ua 1> j j i ^ l lijxu fj 

. jojSUI ( jJfc L^wJu 4jj-mJI J>la j*> A if 


£Y\ 


h > jiltil I jt jilufttl Jij <iyui i S | , S 2 iiLJJ qcuLll vJtlfj 

» > i y n S i A ^Lt_ku)l £>dl^JI ujIj^jVI i |i » jL&l J*lx\jA jj-uull (^mIj lyljj 
3jjlj)l ji fit Lj < jfSjll jj iVtt l < *iy tS ^ D = A ( JJ, - 1 ) • D jJk jjj I i t I fjk 

jUuLD = (S 2 S/h) ( j J ^‘Jll^. L^j-CD = (Sj S / h ) a£s 5^-i— 

: S| S 2 jaJI S 2 B ^UmII i_iljA.il 

s, s 2 = S,S + S 2 S 

S,S 2 = 2 h . A ( (i - 1 ) (15-6) 

: <>tflSjuV^ jjkll ^stjVj — t j \ o 

jlilu II ouJwSU j^UI ijjlj Lub 

* 

O LjVj . ^(iuVI die. J)l»i iirfit ,iti> j] um^i <L<jtl jJ-kA (jl ^ft <180 ' 

o^i o* ^Lkj ^bLu< <jc SjLt Lf ^j jljjJ 5lj* f t V >i«i > 

( t — \ o ji Li < £r l^jll ji tjLiil op J^iiJI ji& i jit i lu 



<ijiiii * \ iljJJ ^|><« ^Ja juliuVLi <i l iaj ^Ull (jjLl jJ«n S j 
<jj2u L^fiL^* jjt . #j*aU <jd*J ji» S 2 <j jju^j . S j jJ-aU jjij , S 2 

, J^UI (jaii tfi 

3-aiiX ,ji Lf . jj*> t 02Lu < JfeldS y Ijjlt (jfjj mil m J^lxjJ <t •>'£■*» <*<«iy 


ITT 



i jLII l>i i JL> o i >irt‘i (J^ljaJI uljAl <sS* 

. LallcbA ( m — 0 (£jiu*kl\ v-jJkfi I ) JjV I 

L^Jklju^! < I I 4 JUf Irtl JJ *■ II l»J«L|JI 

5jjL« l j Ll h * qLw u m II jjJfc >1 JJlj < S j j>lirtl I {j>* 

J^ljiall (jli) 180 jlx. Lkjjia 4jjlj tJA j j »~i ^1 < S 2 

oJ^JI jj | h* « jJk £jJaL* tjS^j • 1 *>j >A» (J_)Vl i^Xfll Ijjk j| fcjj < Ca^til LjjJLa 

(jLiJail i.iun Lm < (jii l^JU V L (jAl'l jl jlj ji 4_a^a JjJa i jm'i ^jju 1 .^tl 

L« l*LA ^Uklja £j ,\ ^ it • ijjin-JI 4 jjll ^ Li !jlc. S j (jfc ijjl util 4^_^JLI 4 aJ 

. I - IU * ■ • »| II j| Z t.MI .»IIA. ^ 

^jC. jjL^aJI > j .All jl .iiill J^jia jjilii JjV I I I juk ^ a j y l Ltjjcj 
I JJ_c Ijjl m. 4 jl i mil JjJa ^ji l-dS < iA i> ujJuI (£J^ 1*1 lit jj <82 & S | 

( 111 + — ) . X, 4^jll J t ia > >lirt*>l (j-» < I ~fcjr» ■ *» 

Ja^fl .* JLaC ■*•■*-- 1 ^jjli < LJ£ L-wl£jul iAl I IjJ 4j| 3Ja^L* >■-»■> 

( \jil »jl nil'll ) \ Jeu^j ^jlc. ( ji i ^ ftjLu&l J^Iaj» ) 

• jjJa ^djlj (j-* 


: AJLAjll AjmpVU f><^l Jiii j3— 

S j-K) ‘ H *jL— ill J^L«-4 ( 0 — No) i j£jj| ( _ ( i(i{uJ.l£ LL-yi j * Li_t ji 1e I 

4jjl^i - 1 .* «tl l-» ■ ■■* < Sfl »LJ { jA <j^u> Jw)j /‘ivlil L^* IjiX ui t 

0 jl ...O.VI j 4^* » j-fa>i‘u i aIu SL Jlc »J <J>H (j A jLJ ( jai » 1 j . (j) i^Luj 

C I 4^* t » ^^uikJuJ b 4JailII t Lufcll ^jlill LmJI jui^ tl I ^1 liull Iftit *ij 

fjjZ " J . d & C JaUI JoC vti htAJ Ijikj . # (j-fll <Uili >iVI j iml l j j t 

^jk — tj\ - jijJnJI ^ Jjj < 0 LAiJI ^ cr* U^j 



ij I j i^U villjJ j. t u> I I fjuXt (jc (jjjj l. i^> (jlcl. i.it iJI ■ jL« oil 

■ if-O* (JaJjJ in 



£^la_Juil jl.i n« JjJa jj^ lll v_>LuMSk (j ^ *j < ^ul^luVL u>Uj (£<iil jiU 3 >i >i*llti 
^a^jJ.1 jii^t . C iic ^tlj I Jatlj j* ^jll ^Uuill^j < 3 jlc jii^iil I 

c kJoxJIj jULI ^Li.»mII Qjjjj 3. * l»*‘H « jUI »j i All ^UmI jL.nl I Jji . 3 c ja ^jn^ull 
J^lj be , 3 b i^ijiLmII »j mil ^Joi ■*•* [ |i ( 3 b be ) - 3 3 ] = 8 ^ ^1 .« m> 

> 9 l_j^J I jjJ 3 3 jluJI Uu * Liill 

’■ {jj^J > Lt uJ I t*l«i ii ji t jjl jlucljj < |_f^ 1 I ^ " ♦' * £yk 

3 3 s = 3C sin (J) = 2t tan 0 sin <J) 
a c = 2 1 tan 0 
a b = be = t / cos 0 


8 = ^ n 1 - 2 t tan 6 sin 0 
cos 0 


: 8 jL^I JLjJo tillojj ji = 


sin (j) 
sin 0 


6*1 






8 = 2 \x t cos 0 (15 - 7) 

jlxtu jjJaJI ui j jt*i Ait ~ & jlc ^IiiiiiII jIa >j irtll 

lj-* (jlfj • ~2 ^ ^ LSji 1^180 

: ^yjk ^aIi>im)I |ju jLJtl jjl 

8 = 2 |i t cos 0 - — 

4jl 5» L^l Ait *fc*i <> j£! (^1 < #Lij £££.La**JI JJbl^all (jjSvj £>l 

m Ai.a» 5 = mX, (jtSLt JjJo jj’* i<* JXaJ Ijjl.ig • jLwJll JjJb A t£j 

. 2 « 1 t 0 » Ijljel 

2 |i t cos 0 - — - m X 

: jJk *llJI JiJjiJI Jaj*i jjl (^1 
2 | 0 . t cos 0 = ( m + ~ ) X (15 - 8) 

: j-A J^ljlll ia j-ki (jl L*£ 

2|l t cos 0 = m X (15 - 9) 

(jj ^ ~(J - 0 = 0 <Ljtl*>JI < l ijLi»La..«.|l ( jlc C < JLitVl ini <n>*< l.i.aj if 

. <iui*^^i(i5 . 8) * (15 - 9)u :JjU -*' il, ^J‘ i< ^ cose = 1 
• ole <LILJI <^jJU J^Ja Jil a i u I jj < ^_^uul #L*£*JI ^jU j j Uj ULj^I 

i j(.t l« ( i jjiaJI % -jju l^ j 'i i<~> 2 jl t COS 0 jLuJLI (Jjia , jjw * /il^i ^1 

. Lalfca»tinill J i^ Ja ^Lktjj jj-laJU I jj> « « il U a 

jlll ctitl I.LC Lui « £(>.71 <ilc ju^am p l.i t i i ll jic *j*i l a * <«> Ijlj 



Ijx*. Lfi jLiuJJ ujSu i/jJI tf 1.(15 -9) ji -ki X (j yj ■» J>1» Lfl 

< t # LiJjl iA1 *.< u ijlc. ^.IraVf J >1 mi ill (£j* sill j . <d^jil J^Ja 

• sJjLIjIII <m!u Ctilifc 1 ji «b1 ^Jc 

cd < sb (j>vA 1 * i l*i 11 (^i »t.i * .>ll iti > Ijl jLui^VL JaIjj ii»»t *>j jl ^ «j 

’. jjlS Ijl f lu J^ljj i^>iA> J <j| C*LjI >JJ dd ' <a^jll jA<« l^jSul < ( 0 — N 0 ) 

2|itcos0 = mX (15-10) 

m = 0 , l , 2 , 3 , dsiA. 


2|i t cos 0 = ( m + 


\_ 

2 


)X 


: ,jli Ijl (J^ljj i^iitrfcj j 


(15-11) 


: cfi # J aUU-l/^ 


ijjiJ I ^aLfc.1 JX>* £)*■ < ^*-^4 ^Vl s-ijjLI (J^ljj olila. i liiiit^l 

jkl * ♦■-»’ <|jluu»‘<Ujxt (niilf |jt gli < # Ij^J I i'l »i<JI jjiu »li«f Jbl* 


. ( n - \ » ) jCsji j u c u.jii ,> js— qL»III jlfi I I A^ J4i^ <-lA^l I l^jdkui jjii 

© 




m 




3 tli> J*C IjilA II ‘ (3P J * t III Cl ^j l.i.nl I ^Jckjuujl J <1 nj.kj I £>U J • — ■ '“ 

l * K UaujjS » I^JI > i Lj « jljjjj < ^y*> mil ^LulL v_j,t~wl I L^tuJI ^Lu< 

.C jiu>l!lll 3 L»i> jt lluu 

< *11 1 (£ jL^I S j.U* ufl ijlfi. JailjjJI Ctlila. jl | liV j 

IftSua 4 l*uiV I {jjk iijk l |i« £jaJLi 4 1 m.X i \\ j .Ik i_>ij <j JlUt * ^i^jj 

L 3.l«iUl 1 ^|Jc l* tll ‘‘l I jdl t«A» I ^mIui < G jA<A&t > , jlAI J4lj j^Ukj yj j'jJc 

(£jl*ull ^Ujll £jJ 1| m *j.u>-w ^jjl # l>fli * LAf 34H 1 (jLuil ^1 Uulj 

oUL d * j * jl* M I H j'n c iJ^lj 1 OuliVl Ok ji^iuS ^Jl 

4 Uil jji oLiLJI * jjk j£^jk ^ «ll" • oLLL. 1 1 1>> j iA v*i • S..1-* 1 * 

jiljjll * JJl ^iSjdi j| UJ ^Ji ijahljl lioAi < C JU£ ^luill UtiJI LibuJ*ll 

. I .«!&. 

<JUbuVl JUj 4 . <?mj <11 Jibul Q (_|** * Uoli ilk * Ij^JI # lA* jVI jikl 
i±ua 1 »lilf J)Ia jaVI *jUI j*j L*u < A uiAili ( j_l^lj)l |J*wtl jjJc 3 LSI ...H 

J_)l jj£|j «_4 j£wij2ua 1I ^ UAl I l#ja JhM • Q jk ^jlwl I q In 1 ill I ^Jc jiiuuj 

t «? US *11 * JJk A tf. t »LwJLII ill* 111 >,*■ iA ^j l. 1 n_t « 1 > | >jl jl mil J^Ja iji 

Oj£ L*Jof. 1 4 M irt * Cl I ik j^ -fla £-» * Lk I Jj £43X5* kll j (jlfiJ < 2 t (£}Lutl 
L*S . ^ittklmll »j .All 1^34 JjJb A. < jje- 111 < 2 1 = m A, 

yi i-iVl i_i^i . 2 t = ( m + — ) A <jlS US «j »lh* Cil i l -v jj l r» 4 j ilaJil 

Jo^tli (jjSj dljJ • ■La^* J^L i .iirt’i Jjbu jl )i • > ^ISajVL <^>ll Jjla jj *1 jl t lr VI 

: <»ia« 3 il^ ojSj 

2t = (m + i)X (15-12) 

: jjk h *J1a* <LL^. (jjSj JbjJu !*t *Sj LS 

2 t = m A, 


i TV 



llrjj <UbUJI IjmiiIiA 4 i oliU. < Lulji X. <a^» JjJ* ^Lijj 
— t 1 1 ~^~ »L£uc. cJawj £u^ Q JJl* <Jaij «u£. c4j£* i^lj — r <JaJj2ll <a >LS 

. ( *\ — \ o ) (j - * * R qUim jji jk2 \ 

r 2 = t ( 2 R - 1 ) 

r2 = 2Rt (15-13) 

• <Lulol f |^4 l/» (^j| liiUk t*" llitil 

ULJi>io-a; ti JcJ-^:(15 - 11)*(15 - 12) 


: r 


1 

r 


R 


0 >1 + yU (15-14) 

: <1jUlLL (jkjiai i .i»rt'i jjU <«!&* <2LJI Cul£ Ijl Ctl 



: uj£j ( m + S ) & m cMilaJI ijL * u Ua r m + s & r m lopcl I3JA 

( r ?n,.,( ' r fn) = RSX (15-15) 

‘V.iiaJI JJi$j 4 m 1 1 1 ftj 3 il> >J (^LjJ 1 1 W «j ^ mjki *> Hiljj 

. oliU S jjc m <ILJi jjlu ^1 (m + S) 
git R <<ihajJ1 qI* -“H »Ll^jl jJai > ,tiA*> 4 jaj t L*£ 

Ca^« Jjia £jUju vli) JM|J 4 X. 4la^a JjJa liA ^ <2 jjJb 

. (15 “ 14) ^lokLuil ^4 c»lil> Ljaj *l^afcL < q^UI ^jUl 


:0->o)JO, 

ol#lj_ill jjJt Jj t d* *fc ll L y^ U I ^ ~ i ■ » ! CA>&* c»1jLL» 

:Ul2ll 

4 f^O.8 l— » i k jiaJ i 4 ^umlOOQ^ >11 >y>iV till qIh mil jki t > iAJ 



fit ^Iml I »j <^>H JjL • fAAi 1 , 2 <-LLJ I <iisdi <JIUI <m^LaJI <iLJIjJa 2 

^ <iLJI <j 3 j 

: J aJI 

£♦. -£ = R s^ 

,1.2.2 0.8 2 

( — ) -(— ) = 1000 x 5 xX 

X = 0.4 x 10 4 cm 
X = 4000 A* 

: <JjU 1I f <iU I L3j 

r 2 = R mX 

( 0.8 ) 2 = 1000 x m x 0.4 xlO' 4 

in = 16 


: *>uall — V/ \o 

<1 jjSuj ji t>“ tr^ 4 U>^ ci (j-* I m <^<><* c J n im 1 j] 

4>j > i mi uX> i >1 «*ll Jut ^ Li~t« <LiLaJI ,*v ^ >A.Vl 4 4 fkll S 

'■*** « r ir if (if. vJ^vit«- U ^ ‘ 



(V-u JjC C 


I jl « JikljJllI u4Jt j| ti*^ c|U »j < All (jj* J^ljj 6 .' % j lij^4 jl Jim L*£ 



jjj^ll fjttil l+l (jjSij — ^1 — j: l>»Vl c >*il ^ 

J *fcl I <JU. tillj jiru Sic. , Ir»i i j(. mi l J^Ja Ctifl ^1 1 fi^(j • jA uill (jttii 

OjJaIJ Uu(j . j. ^ 1 ,ji j j i i> JJu !^c. < U ii i» <+>-• jx*« (jJc b , a Cg lU i » 

. j+UI uill ciU^« j^Lujj fjM b , a jLXcl j‘aj> 

juij LfJ kLaJj jXhO j]^4 ^Lwal OuLi l+ij \ta-fc <iajl jJu* oL&^fll ftjjl i*i t^J 
J^Ij+i jjl <1 (jLu AB JjIaJJ jjJc <ltL ^1 jjJ I L»f ‘>.0 J mj ^jJI »j i AlLi t^lijl < j^iail 

i *h 1 • oil i A („>K v XfJI *jjk jl Jjjj < i till S j v ^aJl <_iL^ jjc. k_>«L* tilljj j f U\j 

.abj.tJl 

a , Jilll j4 j^jjl ■ n1« Oi^i U)^ P Jl* <iatj ljjjlc.1 l<jj 

dijJ . jLyJLI vi>la ii Ci« lf»« iXt jjly <Jauljj-» ££2 jIaJI (j* CiLa^jII i b 

jjl llili Q jjJI P <JeJLU I jc l* t « *il Ijl l_*i . -j •■*11 ^*‘“ 

b til mi l Qjh J ii M ^jll dLti JjJal IjLi i i.> ^ lr> fl~i il ? *LaJI £jJk jilll ^ *jjl 1 

1 •i Wf . ( A - No J ac <jLUI (aQ ■ bQ ) jji jLmII J^L oj&£3 
^jJkJJk J^ljj i*>. I rfc J Ltl i nil »J i All |^4 ~ X. <a^i JjJa i , tiA*J (jjl hi jl ml I J^L jji 

jji jj i oj ^Lak P <LiIll jt Loju I jjj . ^IJft>» k_ijji kill j jt 1 iti'ijj < ol+^jll 

. Ij£j^ ^ju^iU jLJLI JlfL 




Vij* ^lc S »j*a jut ifl« (j-» (jjiJI t£jla.l >>La L|.ilfc Limj E <ila» jjoc I 

Jti*i i mi C j_*U. iilaJI >iilk J^jjj « Lfjjlj^j Q Ujji <-*l.i if j ULJI jjc 

. ( ^ / \ o ) J^iJl L*S < b <iLu-» <ilaJI ,jt 



jc IjjLa FG ^iljLwl ju» i C jlc Sjitill ^i'h j luiljjJ 

jc y iliLiu ,ii >*i P Ju 4 ln>*i ja jt^j i S | i At 1 (jJull J ^ Lfc-wt I jj iol l 


1 

1 V ? 


pe = (b‘ +y- ) 


= b ( i + 4) 2 

b 2 


pe =b( 1 + ) 

2b 2 


• *>U 


lj£rfjujl jl 


(15 - 16 ) 



1 


PS = [(a + b)-+y]‘ 


PS = ( a + b ) + 


Pf = PS - a 


2 ( a + b ) 


Pf = b + 


2(£b> (15 ■ 17) 

uL4» (/* I (j-lc. P jit Ji.1 ii jl < <i>jj Jjh IjJ ki<>JLA. <lll j 

X, 4_a^jll Jjia (j*» JJjJ LjjLu^ (jjj&JI IIa jK Ijli . fP & CP (jjOa^jXI jl.tua 

: jA <jJJI jjfli Ja j-i till j . filtL* vjJA j^li 

v 2 1 1 

Pe - Pf = m X = V ( t 


) 


(15-18) 


2 ' b a + b 
: |jj£i Lb-iic. O j£jll £)A y <UU Lr lt <AilaIi 3jJtfll (jl 


y - [ 2m X ( JLtJL ) . b ] 2 


(15 - 19) 

: jJk y jaJI (jl^ I jl <1jiAt <jJA ijt Suj t 


y = [ ( 2m - 1 ) X . — ( a + b ) ] 

a 


(15 - 20) 


: <££**41! ^ * 

■lgjln~b j-fc lrw.*i 'jab < £fLa>jII j* (^ *u m ^jaaJI ‘h'a * (jj£bju 

jjjaJI 6 jjk JJ£. SjL. jrLajll (ju^aka (jl (j £aj < jjjJ j j-m* 4Uhh(jj 3 >J >1 1 <i a 

oUblill (j«* <cjAA»a 4 j Jajljj , jl alu > «I I Jaab t— iVl <j» iAi 

. I SjAlia l^ilja. <jlc. j (jjllj * iaiill 4ajljlU 


(jj“i i ii a <a(ja '*** “ < (‘t ill I filial » jdhoil lj t --~ » jux.1 jjjaJLI ^Jc jjL^l I <xuljji 
■ d yJk (julllla jjj^i (jU jiJi jl (jAji^j . <jit *Ubjl yi jjjaJLI ^le. li t ml 


£rr 



. ( \. - \o)J£ai 





j lirfi * Ij \\X Ca^Ii J£ j. tl»i < jj^ au ^jlc. <j^~n .il I C^jJLI l~a. ./*» I «■«*» 

C^jLall jjl ml I *jjk {j* ^jJI *j-*-oJI ^x*ia‘4j t <ioaljJL» l^l^al tttfcu y^y 
OLiiVl L Cm Jl»J I . O-JuSU ^ 1 i^>V I alauVI 0 Cjjlj ^ > 1 rtj aLaJVI < ^i 

CjLtLaJU JoJuJI y. Sjjl Will C<1 ~^.Jjll Cj^i J— oi'A "»JJ < jjit P <Ja2j jjhfi. 
oljLuJLI JljJol yle. J^ljJill f\y «-M> ‘ a , b , C , ... J»ia 4j_iaJI jjj a— a Cy 

. cc N & bb' & aa N 

cc' = 3X , bb' = 2X , aa' = X jUJll 6 Ljjl^ll c^US I jl 

4^J-ftj Jaljj Ai.l -1> I villjuu < JjJeJI jjuLl yj <*_i a ^ P <?Ui *lll JlAI >J .All (jl JdM IjaL^J 

j V >■ j 0 Cjjlj^II Ojaii I j| Lai , ^ * CjJJI ^ic. - J .All 

<jJJl j^saLaJI ^jic j | Ujj (j-aAJI j yJaJI ^ < P 4 I ni > 1 1 oLa^jjll ^_l a -it 

.Ulka 

Uj£j (jJ] J^-oj 0 Cjjljll JJf*j I jl_j 



^jlc. ^^a>| Jj«* £j.L^j I J&Aj • bb — 4X , 33 — 2X 

Lilj <ijj-» 4j jTh ,J— jiiil < Jj-ljl <JJ>* JjVl £jill 4 jj^. 

: ji ^iwA « <J«LA Jaju N * — N 0 JLu jJajl J 

d sin 0 = m X (15-21) 

6 jlx. ~> injj m = 0 , 1 , 2 , 3 , ^t) I .iaA^j I <jjj ^jjk m 

L*J»VjJa J dfh ill J 1 :> jVj . >j < All J_tl> ll *11 jjj *> > 

'n\ aJLI aUhiIw tilaJLl *<nAll vJuL ui X , X + dX 
m X = d sin 0 
m d X = d cos 0 d0 

: yM I jjy d I j'lt SLi di 


d0 = 


m 


d cos 0 


dX 


(15 - 22 ) 


d0 


• « A II j tj d I ' - 1 l~i ■ t> i ij-ui ( ) jldLlI n i 

dX 

Ij] I <rt i > • >. tiJnJI jl L'JI (£y± 

Lf L^JI > JjW <,Uh 1I cJ-kkil 

{ jt LS 4-JJ^l I <j m'Jli < ^jUkU {fj « -»n 
4— i l -iall (jjii L.».l tf \ ,( \ \ — No ) jX^JI 

i* 1 trfiVI 4. iln'l t (jj» j t 1^1 £gU^II Cjjljll 
. igJaaJI jV ^ tl»«ll 4 jjIa]I 

jd < X + dX ^)II Jj Lil jJtt <jl^i (jJoJU 0 j] llkAji Ijl 

•0^(15-21)^ 

d sin 0 = m ( X + d X ) 

: Cx£t ^ vl>ldJ » <jLfi uttiijjk 0 »LaJl /u Su 



(M-MJ) j£L 



d sin 0 = ( m + 4- ) X 
N 

, jjyaJtl JJa N 

: uj$j ui <■;> >, > C g I * X + dX. & X jlL^ll ^j4 <ii cllj 

m ( A, + dX ) = ( m + ) A 

N 

, A 

• jjjaJU i jjS Jirt*»i i <JjIa1I * SJk (j+j 

dX 


- = mN 
dX 


(15 - 23) 


LbAal L£ N jji % »*v afcJ I Jd& i-uwl >T> ijjjkll »1* (jl Jo^Ajj 

• m ^jo^JI \ ittU <Lij« 


jjjA-* ^.la>~u*il Itjje il589QP * linCS 3a^« 

J>L l jM JjJJI iUy)l . ^ La in yda^JI <j t > j^j| < 1000 j>j lull Jjl-ti “ill ^je OjXl 

■ L^J^I 


1 


— = mN « 1000 
dA 


dA 


5890 


x 10 


1000 
5.89 x 10' 8 


-8 

cm 


: (r - 1 •) Jill 

J-flii < (jJc. L.*>*X. (X = 5893 A*) 

JJ_A XAjl . 27 <42 i^jlj 1 -M ' -M J LT^ yb^l l -f4 > 


iVo 



: J Till 


e = *—■ ( 27* 42' ) & m =1 

d sin 0 = X 

[ _ X _ 5893 x 10~ 8 
sin 0 sin 13 51 

N = 1 = sin 13<5r 
d 5893 x 10‘ 8 
N = 4060 / cm 


• JUjVtiJI 1 »*\ • JJ6 (jl (ft 


: i^UaSluit — \ * /\ o 

olj Cj^ullSLkll CiLa^jll jl CjJ »a1I i^iLmV 4 1 *>j ijJkLlo uliaJuLwVI 

4 •>. >>» »<** *** jji jljlAVI 

*LaJl ,jj 1 *■» J£ J-OU H ^muIaLuU Ij E <JjjJ Cilj jilt 

lju-* l*£ j t ill’ ll *LaJl yjt *UJI ijM o^Laju (jlijVlj « JA.VI ^jlc, 



(«-\») jCi 



LajIj 1 4 1 >1 LS i £4 (jij ^ »ntr>l ><tlj l j“* J£ jjiij 

< ** 1 *11 1 'Ojl Q j£u *Uf. *t a.J * ^JJ | £11 V'W all L a t \fc <j| < U_^lj jfr la l ji 

, I j^J^j ^ alnX. <aj2 ) «H 

jjll <*l ll lifiL* CtljljoiVI ^>4^1 jalu (jl |jJL >n lll Jl* C) l Ij LII J44j| jlaj 

< LjI^1i«I ma »j i At SjjiJI jLLI * j < Al I ^ a I IIJJ , £gULa J-alj (_gj~n ii a > ^-**‘ 

^jj!LuJLI Jlj JJirwijj ■ ulliiliaVI ‘^a 4i uj J^klj i ii a ^jk ■*■ * oLLjll oi j| 

. Lkj^aJ. jlja ^,^^1 j^JLlj<a^ll jL&ul aLkjL 

1 -■* » »jjua jl iVi il tLajI fji Oa(j uJL a iw a itL Ijl <j] 

( j a tu‘ i j^ill — ^Vl ijjlxll j>aJll I j] <iLa. Jo2i ajaaaJI jm i LuI>LmI 

J)L£ I j] Lai . I_I lr»il mil a i n'(j OjLil I Sj^Lil j^ -aJ.1 (J Jc — J lra.lL 

InV I ^ . If. uLLuall J^a »j 14 .ll'ij jjltbua i.Jutiml (j (JiaJLI I jj *fc a 

,(\T-\.) 



irv 



: yiaSluull £\y\—\\/\o 

; ,.,UTi...ll ^yk £ Ijil 

. LiljiL«i lyiUilinif *>*A ~ ^ 

, ,.,ur,,..« f j*a — y 

, La^AL* I ■ .Ls*. ...* f — T 
• • • • # » 

Lfl 4 | <Mfc > oUjuJ (jfc *,jjillj #J*All JjI jli .. £&CiII oLjaI|j 

. *Ljljjljju» 

jji 4 Ijjl «j^cJI <aJL* <jj2u isOtl'Opic ,^-alj-aJI Aaj_* ^ 

. <ajJU j Liili I *LjI (jic L«^»c < Lib 

<1 (_^l « tjloi* j^«i LLu jjJlLV iLli La Li I »j >AJ I <^*u *iLl I jli ~ I 


• Li (jl i ill • ^ic (J - a ^‘‘ Lib i Ljj.iI I ^juh 

*‘“^ 1 ^LialiL » t*AJI <LL» *Lil >xij Liu i <litj LjjjJI <* h i olU I jl Li — w 

m • J * W i » *r» •! « t « 0 4 

Ljib i,i Li i i ii * »ji Al I jjLi i Sjib L'k * <i ^Lii* •Sja OjL^j iJ^Ti 

(M-NoJ^i) 


f 


1 

V 

i 



s 

1 

t_L 

ST 

r 

1_J 

t 


ef^r 


Vj*1j[ua\ U^ltAXW* 








^ic. *£u 



•• » •« ^ * 


j -j- 11 4 ^-'*‘ * *Lilj <j jj ji I * L i ii iyk «J^ C»j 4*4 I j|_J 



. La-ikUj <jl L>S*n ill Jjli 4 ^JaJ 

JS'j-A ^fVC L a I M I <1 Itrt *fc A jJk (-lirkt .Uu » _>jX ^JLxxIa g'J -i . A Jjl j tl > I A jlxj 

. La jljJu ^jlc. hIa a^U a LaJl J^.VI ijc. ■..L t Li v t j j'im i >wi < I 

aL=*jI !ji JjIjiVm £|>U»1 aLlLa ijUa^A Jl*l>i L-iAbj ^jti iiLa CiLuV^ 

(15-24) 


x = A sin 2 k ( -2- - — ) 
T X 


y = B sin | 2 n ( ± - - ) + $ ] 
T X 


(15-25) 

: ^Lwu (25 ~ 24 ) • I «^‘ni jjUl i_blu^l (|) 

(15 -26 ) 


, i X* - . 2->/^ d N 

( 1 - — ) = COS 271 ( — ) 

A 2 T X 


; (J J fi Ja-QjJ (1 5 - 25 ) djUIl o-U 

-g- = sin 2 k ( . Y - — ) COS <t> + cos 2 k ( y - — ) sin <j) 


y x ^ , t d . . , 

~ - — cos <b + cos 2 k ( — ) sin <b 

B A Y T l 


(15-27) 


( y - -~- COS <J) ) 2 = ( 1 - Ar ) sin" <> 


A 2 


TO ^ 

x y~ . -> , 2xy , 
+ = sin (}) + -YS - cos (j) 


B- 


AB 


(15-28) 

<>f ic JirtVi iljlftil » juk jl irt’ALjj 

(15 -29) 


A I Jj Y (jAlL £-lai ^Aj ijrGa-aLiull tjCLa^jll « j |. o% a A JJI 

. LaoLLil wiUilmA gjljJI u > i ii j <ill j|j . x , y i v aJ.1 i jlc. 

k 3 k 5 k 




( d 2 ’ 2 ’ 2 


, ... ) ^Ul (j) jjJaJI CjJLa .1 La ljl_j 


.x , y . : wr l* 6 1 jo" t3 4* ^ cr°^^ <IjU-a (15 - 29 ) 



1 


x“ 


A 2 





(15-30) 


^JaJkll ~k It ( (j) — 0 , 2K , 471 , ) jk j 1 1 1 jjJaJI <jjlj O j ^ I I jj L_al 

: ( B / A ) Jo4oV I <JaLu jju ^_>il> u* JaA I 


X 

A 



(15-31) 


<IUJI t>l* ^ OJ— all U3^J ^lj *lajl iji *j-All ^^4^11 <aJil jlji*l CjJ&i *41.1^ 
QviLa^jJLl Qu jjiaJI , jki (jl£ I j] ^lj"i i ..I Irt a ~> i ol >.*11 .V^ '*‘‘ t -MJ * <<»l i u a 

. ( K , 371 , 571 , — ) jJk 

<JjI Ajt j < A = B jjl < j l*>^^a 11 >iU.jk Ij SjlyuV I ■i * i ii cub£ Ij|_j 

: SjjIj<1jU.(15 - 30) 

2 2 A 2 
x + y = A 

Ljllj I_>lrt>~>> uA #J. All jjj (Jlij S^jlj lr> t*k » ^iAll <^111 V» ■ * I J ->• ~JJ 


^L^.j ^^1 ^iadut ^lt i m ^ • . ^. U 1 1 -j . a 1 1 L>* ^ 1 a . >> i L a. i ii lj| 

Li Ijnul 1 ilnft 1 1 no ^ j *1 1 ^ Lt.i.tJ I jjLl 

pj >< •> £ 1 a >t> 1 0 1 i« ijltL 0 I.5 a > i > L^ j ij***-- ‘j ■* A , B j *» I 

• ( )j£dj| <j-* Lai^^la 

"fc > B 4 “V tj I it 1 1 O^ijl lj| 

J-Aj ) ■I'U * 1 “ II "* ■»**■* tj-*» < _>**li»lll ^La-Jut I 
til Li ( < ->i loll " • •■ * LU 



lt*~ ^ ' ^f— ^allill jn^ a il I >j » Al I 

dlj O-ju jl jkj ^jj_a lo ■^L-fl ^1 cUoj 

uta^Aj JLU . (jljjjJI <i)lj SjLjJ 


ii- 


(\o-\c) jSLi 



4jjl jJI I tj ii-ill if LjuoV I Si III l .a.Al'lC. ;*1 

c 

l^j < £>vJ L. JJJ i \ i lj ^ Ini ii Ijj A 4> i (j>« <( i*X«.'iI I <». . tiV I 1 jj . \ SO ^ 

4 liX C SjLxl JjA tlliijj . Lujl^l AM I 1 I In a "i III » ir>| A ^^Jx. jjiX » *1 1 1 g J .^H jjl 

l^i^Aiil pjuxil ul Ini 1 1 ill tiUfi lii.tl I > (jULdt ^ irtj (_yj l*C> |V I ^Oidll B !**• 

. <J if Luij SliJu (Ji| jjjic jf 1~~(J 

(jJj ij>-kx^>ll jIa B (jii^LaJI UjjJj ^lll Lfjlj <j) vjIJoHluVI ijjlj i-i >Mj 

La_« ^ | l i ill i^il till IK VI jl *) JJi jj I jl juij . <1« < iii^l I * if Li A I i .l.i.ti jjil 

il£[ (jjli B <a^ji» 11 i^il LiiimVI jax cV cJJ^j B <a^ijoiil SjL* jl ■ -^* I 

• iji.lt bu t jm^il I £ I ».i tJ Ij >1 1 1 1 iiil I 

( N*\ ~ N 0 iti ) . . £la/>ll In ii ^jle. <JuiV I Jqjii ii <jjlj (|) jjl (uiAjl Ijj 



: SjL* jLuiil JxUx j .1 JL) if* r 



n = 


sin ()) 
sin r 


(15-32) 


, .l L«~ , ..V | ^jk L£ j i ii^ii 1 ^ Ij i .i t j I ^4j At (j n^ » il I ^LuiJI ( ‘ty £j LcJoxj 

ul ‘ 


(}).+ r = 90° 
sin r = cos i 

: jA ^UkJ>JI jL nCil JxLrx (jj£± tiiiijj 


u\ 



M- = 


sin <j) 


= tan (j) 


cos (j) (15 - 33) 

Cx&i jIL (jJill <jjlj <LajJ (15 - 33) (J^H> 

O 

• 57 <JU» ,ji ol jjjj . L»Lj olLiluJ 


: £J4>N jU-ilVU 

ftlaul (J-Lt t-iijSV ^l^aJI *XA ^jl jljll jvia*-» > I a ^iT? 

0 LAL 3 JI CiiMj i i j I I | irtljA i . 1 1~> -iJ Cj I ) jlJ I (_>A« i S^yJt . Lfi^lj j ill 


^Lo «■ j irtll <Cjuuu <jl Jau «_uaUI . Sj^JJ! )» aJl 

CjjJLajjjJlj Ojj-uJI^ Ji-* CjIjjL I.aui i <ikl J oLaL^jVI £,j i>% AJLablj 

IfjljlLaal l ji A n i-tll i<JI Ctjjj ^jl, i h i jklc «_u nil < jl i H<Wt A^aUo 

. <ib£JI 


L- i < y a^ ^1 jiooJLi <j| Jb^3 Lkjlc. I jl ■ M*C iV I AjJkUa vjbii£l 

■ <a> |J*W» l U «> aJ I A jjk t jIxmj jiLujVl Ajljft fj* Aj^L (J^L^ <jla£ 



l f> l ( N V — No) J^jJ| { jA La£ — O > ■ »i ill^JI (jp« AjjJj jic L^«C ^IjLui JgdUu I jj 
^(-A-uJI <L»1 >~ > ml (J ic, O l a A A- fcl (j^X-i-A-i t i ^i| jA ) >iVil jJij < JjLaII <a^JI (2><* ^j-ia <j| 
jAuyj . CLp* li.A 'i m I ,jic. <i£Jj JjSU L j l^at E I £ l * 11)1 1 I ■ "t I 

^LuitL H ^LauII jAdu^j i jl i iX >V I ^i*i <j| >t>i ~>i jllill ^IjumIIj O^IauJI 


££Y 



j j jLull jUlxull j *■! ( ti'irj , jL-£iVI <Jt JiiujV jl jIIaU j_ix 

(^4 (j I iLj^j < U 4 »J irfjl 1^1 In 5*1 I III «La iijJll ilyvIL t Jj j > 1 yij ^Lwlji < jLlall 

jliftll ^Ixwll ollitlml (jl Lai < luljLal LUotluil t^LvTIma (j*X.ljuJuJI 
(jlfcL« aUl Lfjjij jjoJJ £ h*a1I jjJ| jJajJLi jj . jLulLI joC ^IjLuil «_iUaSLaul ^Jc 

I jj I »*MI t (jlC. 1. «■» t* J I Ju^l i 1VUO <jj fjlc < (jfJL^JjlJ I £ jj L J^Li. (jj» 

ijJOL& JjV I ^LftdLlI ijja^ J |U“> « I jy* -Uc 90 <jjl jj SjjjLtl o^jjI 

. ^ISH 

I jl t Lfai % <tj> JL Cj jlwaill \ »J*HI V oljjJJI (jtftAJ dll* (jl j^Ja 

* 1* a ^ £ > » LJI ill ii .-Jli igj quu *Lajl (jj SjjjLI I »j 1 All (JjJLaI 

.*“»■ ■■ t la^jj* IjL-iil jlltajV * > t i-J I (jljlLa-il iaj I j|j . 1 t al I IjjLaU C»l tilill 

. J^p ll <4j(j4J O l li lill * jjl 


: ^iUaSluiVl (JjS& jy£ujk—\t/S& 

Jj ■ H ^1 L* ...I Ojeujul^jj > 1— IjJU OxwJliJI £ jLa ^ja l j % iV>* JjfLu jijjl 

jjJj ■**‘*^~ * ■**. 1 ■■■I li) I |j* * )JL |j>l ij j ij > it 1L1* 1*1 ti\i* . Lju lj 1 hi I 1 iln* > m.« »J i*> ^ 1 * 


*» p ■•■!■ Ijji £jL» likuilji l«a| *i4i I Jxcl pa 1 AB (juk-a iiit* (jt-GLaia (jcLuai 

. ( N A - \ 0 )^\J Li « (jl*— VI l*Jl£ Sj^l 



a r 


i 0 i£jL»JI iuiiJL 1 .66 ^jLmu t jL* { jA ^1 « i»^ J J_*ljut 

1 .54- * • “I « l.u£ 5 jL» jLulil . E ^jUll j±c ^LulU 4tn>*JL 1 .49 1 t*i> » 

Lc.l_Ai.ti 1 *■ j ‘ ~ g I Ijj ctllj ^icp . »j .All LUf»i~> ■ ■< I Aj r»~iV L|JI jl ^xl « , i t i l I < imilL 

& O i>x.L*_ii ^1] jl mC tl <1 AJ-a_j jj-AILI jjJc Ini ‘<| J La^3_j_i 

( jic. {£ I < i Jj JjlJ J p .~v l I Lf lc L^J-UJC. 0 jU«II ^ 1 * <t ill CiEtUU 

^jk >■ 1 ~ ^ L ttJ I oLlij Ll . Ui'l A n k ^jJc. J^JoJI ( jj C» fL t lij^ll 

. E ^ Lull I tAtltlt iylk . ua Jo yJL> C h ft t Juit 4 i > J I ^ 

^ji \ ‘ Jelu^ p«* 4_1 ^jJLu 4 j'n^j < ^nilj ljj£ SjL (af Jc. ^jLaJI ^L_mJI Inti nj Ljja 

*Ljl j cul£ I jl LJS LuI^juI O ^L-ill (j<X» ’u dlljJ < <iljS Jil 

^ Lit itill ■**• * ■*• tj> dJdjJ . J » itnl I ^. L i_ r» jjc 1 j nj Jaj i t JI IjJ^j i LjaII iyljll (jt 

jjLjjV ^jJI < E jlr> til jac. ^ L .« t JI (£y-u (£jJ>S I Ci ^ itiVj }li jLLaII 

. ..IKH jl ■ ..^*.1 J«U.« ^i£| I tjl . ..^ *.l ^Ji.1 « _ pj * a .^>\lll » ...l> Iji^ M 1 1 Int 

p-&ul <1 Ait >.» > . i*> ^ I jjJj > , > r> Jmj t i'u <j| . E^LuiJJ 

. O^LaJLU JLJI^ji L£ (jJS 

>J l <*> II » » , JjU p3k| || gtfcXt i Ij^ U H i til ft .AtUI ‘J ■ ■*•>■1 1 pi llH jjjl ^ ‘^\5 Ijj 

jjULIIl jj-i tpUlil Ljlj_« ^lill )* -». t ui.l » ^jy SLi pi HU. ^ t Lli <tJuL . t i*i> pi 

pout £j_^j jlc J Tt'i liili <olc. IftiiiiiJI ^LutJI ^iUUI Jj-iiill jjJl Ijj Lti . J^Vl 
1 * 1 1 \ t4 * < C4^j_*All <Jl » til <mIjJ tjjtliall t jjk » * ~ ■*■ i LtLj »j ■-*!! »Laa^I 

. ^idTi.-h 1 1 jIjaII ■ .IL«....VI 

1 >y>Llai*LijjVI ^gj*t i i>t 5jL| LfJ fjU *j ■ ■*■ It ULLUI jljll pAt i j_>«" 

Ijj <jl jJll 1 f *ij • 5T jl < >L^» cul^ Ijj t jLLI 4 1 j >U (jljjjJI <jjlj * • L^j jU.1 

< t jLLI iilt.i h LjjJa yUftil.i.iVI ^y i 1 4, 4 jjljjj L«^ . Jjl*- *■ yJk cuL^ 

JjUll {-* U.m^ c . i_i *.«t ‘ i T p . 4 ajj sj-cAJI LfJ^Li. lilt 



ijljl ^ Lfl jjjJ I aljll ^ ■ Juil mil >j «All 

. jiuu jljil »JUk L<Jo-i 

L^lia 4 ^ i >im i L* jji •j.iAll jLu (j& (jljjjJI <jjlj i jM 0 oil£ Ijl 

: jji 0 L,Jj l*fc 1 1 jj£>j4 Sjm h juhiiujIL 

9 = - c h (15-34) 

< $$ *-*j-*^) • S j L . J J (j JjjjJL ojUUI ..tj j 

Ja Ij j 1 n t i njJ 6jXi Jjl~> 1 1 J[4> j-aJ < LHIjumI < > Irki *>m« oUa2JLa«VI 

• U-* j T> • / > ! . J I fjjk 

<> kJH^j < <ll*i ijLa Jjl%« jjjill . .IL«"...VI ^uLJL* > t A. ~ . ..J 

( N ^ ~ N o C^.ti l*£ jLfjJ I . <_j 1 U t*> i »V I j i in a j Ijjj i^juaj Jpi^L 

iw ^jaiI j »» Lil I y4 Oji A i j i. t gl I Jiiuiii , A , B > t itif 

(jj 1 . 1 US Aaul I »j lirtll jJLu A jj-iill villjlj . Liljjiinl ^ » 

J1 a« 1 i nVI -licj . »j <^ll jLilf ^LajJI jj-4 jjU Uae. l « ^ j~i . t e Li I ( ll >j M-OhLaaj 
Ifle. ft j_A I^y> 6 j t | ji JJU .All Jrtiitti . ftjLUl jljil JjiaJlLi <£^jVl *jj| SLaJ 

^ J Irt < till j iAJ «^uaII 1-Ail (Jl*fc 1 Lj — B JjSlu H im'u 

• CjyJL Ojt) >j 



jil^j (ji ^jJ| i LkaujjS j£ ^jLJI >^1^11 iiu (jLi B I jjjl lj| 



. lyljll (juljJLt i* I ji jjjic A , B Uaift UU 3 

j^yij tf j Li u B Jl-^tl jj.Vill Liajj jlmVI 0>1 Jj kIL T 

f' tV l 11 1^ . <l£J»ljill (l£J j j *ll t-it I nil I a V I ^ "liiil (jl JjJ <i)lj Uj^J ■ (jutjitl 5 #lj 2 

<JlAi (jV iilt 4^ ! j^mJI ijjill jijl ^jll iji J*C i nil ^uaII <iajU I «ii 

. 





fjic. jAljlil yJJk ^uui0.026^ja u* Cgi^liJI C£i Cul£ Ijl — N 

I j-^l-fcll < 'jic (^LJIIL* £>U <U...ll Jyji . ^au 100 ** “ 

$ ^jj ~t .»i -^j | 6800^.^1^11 «^uaII Lf ^jll J^UI (jli Lie. 

<ilaJ I jioAj i pout 0.56 cHJfj oUU <J^>ao jjA 4 m All <y_jlll 4il-JI jJaJ (jliljj — Y 
l< » l f < ^m i J> II o.l *h 1 1 |JiuJ I ) &* jkl > in>t * ^ji » i ^uui 1.34 li>Ki j*j ■*«! I 

$ fdu** ^ *! 5890 ^ > a; ... 1 1 »j. a I 1 J[>UI j/u 

$ 4m^JI i J^c. £ — i — Y 

< ^jj. Z i uyt l 4000^1 JjJeJI (g t -I =y *J-*-A J-o <JjljJL» c >l r»« » » — y 

. ^uQ.00l6 jl l ^j>jA,^4yta. ,_,]£• ■■i -t , ~i j7500 c/ a»>U J>Ufj 

? iulill <jjj!I jjjjjSjll Cj^Aj-0 I JjiZ <jjlj Oa^l 

. .»>ij5893<Ia^» JjJa ^ U-i yfl ey-n ^>,1 A~u »l (jljfcu plUfk <J yo ^ — 1 

*.*«*»» J^jl . 10.1 I lOji £frLJI *>1 a (^~t i i-fc jiai jlikj 

i <x,.l~y~iii nt, I <i n A«iJ yJ^Ji I ^ Iru »>1 I \ » So jJoA 
e^xAj 5# LaAj* ^ LL*i... * <* •«-* * <iLuL* ^ic. -* * * jyl^J *J ** ■■** ^.i^j Ijl — 0 

, ^oJLLmJU cJi^aJI oLuO | 'jJc JjLa. ( jlc. gjlol! tJlaJI Jill ml jl (jjlll (£jLifc| 

$ ijiall <a£AJU ^lallLI ^A c^^xAll £jj jj 4jjL 5£ ^oaijJL l \ l L a £“jjAI 

: L» «-tjC — *\ 

5 l£j*uaA I jJAbll SjjL < j I JlJ^JLI t ylUilmVI <jjlj 

^ 1 .7 68*jl^u£Lil J«Iju Lie < c.\la oliailuV I <^jlj ia^l — V 
i^Uall tJL^J UoJaI >^jlj JjAjVIj JjljbuJI jl <yyeJI <JLuJI tjilia ~ A 

9 t.tlfJI IIJ 


itV 



{jc ttiJLAJ tfoll « ylkLLuil (jljjj 3jjl j 3 A fci Aa»yl — ^ 

^-u30<^Vl JjJa JjU Lai r jlLm Jjl a-< Lfj ^ 

5 52,53 

^ luljL^i i^jUiln* A ^ic <XA Jlrt-t i i. tj$j J^mUA t_«Skjj £j*&l ~ N * 
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UK 



tijJUjl fjaJl 
ILuiula llttl J 


ELECTRICITY 

AND 

MAGNETISM 






c^jiil - Aoj^JI CjUaJ^I 

ELECTRIC CHARGES - ELECTRIC FORCES - ELECRIC 

FIELDS 


: SjUU ^>4^1 

(> LI i » L»j _> i Iji 1 1‘> • (J£J ciljj ^ h£Luj| <iL«i SjUI 

CiLukxJu £•* <J 1 i all c»l igll kJJ k ^^ 1 . .."I L*^f^ ^IjLltLi SjLLI /*i > ^i | , <j!LjJI oII^mII 
iljjil ^ i m » i ’ ll I ^lh>M L» (JfiiiAj SjjJI < l . Sjjil Sljj J^lj LfJ ^jluu * y ?\3 “ 

. t_j£|«£lL Ci U ♦ w ZUV I iJlu I »*‘“ j-l** 

oILlhSWIjjJL < £ki -k Lfll^i i j^JI <ti£ ji^I* 

JiVVl oIjmuu *(30) I jU jc oljUil * jjk jLi Jujj , * l>JI <jjLau oljluu ji 

Jl>^ La^i <Lii <iLljj £ Iji <jc SjLfc *jj|l J »~j Lm < ol_>ll {y* 

<Joil^JI (jjlll jjt *(3!) I Ctl^jSkJ^U <Uil >11 tfjill »Jtf>V^3 t LILu* oIIomJu 
(f f * J*«3 < »tJ( ^ILjJI Jj^II (j<j 4 jjjLhJf (33J J gj I >>» i jiunJI 

lulji jk ^jill tii Jwu *ifljS^3 < *(3!)! J3A o Ujij j^JVI #(jjV SjjJI Jllj olrtitll Cj^i 

(^3-UL (^j-aII tii . I ill I L4JKA1 ^U« ~J ijULI (JiLlj 1 | iA * jjoljjll 

Ljj ^jLaJUj oljiilli oILlH^JVI (3-OJLJ3 

t ijjll Lfj I.!# Lit* ^ j Li » m Lfjl JJj ^L . I i _> ■ ILLjjl SjjlL 

w> 1 »* <|> 1 mil ,jJ^3 < ij^JI ol^JLH^y^ *lH jl u + ‘ »\ ) o I j^J I j;u»l iiAiill jji (3 

. tjjLII j \ jaJI L-oa|j (jjLjffkJI Jj*^3*ll lu«L ijc. IfjSkjah (jl^-*j 

tr L LfJjjjL* jjU J 1 jJ 4 Sja olLtp^il (jJt ^y uJ >Li Lo*j 4^ iljLaJi uljll L »1 
2 >11 iv.VI <jk^J| | • liul 4 litLLil JI3II ujip j^** «illj ^ji<^3 . <? Ij*i 1 j Jj ij^3jII 



<La^ 4 <-u£ jlj^j < JuXaJ Ij fju lauJ ISk Jxuc^lll *Xta. j(>4 ^jJJ Lfjljj ol^p^JV 

. Cu^Vlj^LtjM^UjU J Ij^j fj-ul^aJ Ij 


: (>jbS ^UaJill OH Sjilt-r/n 

JtUUj jaillij l+il jjj < |Jj£JI (jjjj »y) jl^~J I (JJ* oll-fc lull I J^ill <> i h ) 


63-iJI ^LIaJ 1 *j-j£Li < 4Jj_f£il (£jjJ I j j 4T1 jj£]j • | Ln JjuJI £J _^4 MjI*-4 £-* ixmlixt 

39 

*>* 10x2 (SJ^* ‘ c£*-* a*j J * ■ "*. » CxHUjj LXJJ^V 

Lulj »_j ji > ill I iji Jjl ijll oL^aVL IjJI . I *| ui i-j jl ill SjJi j.li 

<JL». ji I ol »-* i till <1L» <LjL» <jjj ^ 1 1 ^gjJLl I I • >_i^ < <jjL» 

• ■*■*! I ■"!! 


£-• Lj jJa q , q ^nan.iH gu F jiUull ji w jl ■> ill ijJ 

JaaJI aL^jI ^jjt $j_*JI tjjk ij.4.i>^ . 1. 4 4 ‘m r diujJI £}j-* I j , 1 » ^ J^aL^ 


:3L t j3Vl5j>>*aJI Qjili £*\3 U^*A> 1 l«| * » J**ljll 


( 16 - 1 ) 


A 

r > 


q g v a 

F = ( constant ) x - i - 1 - r 

r F 

^ ( jk* O . Sj-a^I i 1 4 j i <A. 

q oilS Ij] . F Sjill alaJilj jIjJu ^yUl <JjIaII 
!^>S F JijSmj « IjJLj SjJLII ,’i^ (> 1 1 »1 » t i * * , q 

r id 

cullll d4l « jj « ( jlitlia.4 q , q cul£ 1 3j ojl»3 

(jjSu SI I olxa^l (jii . tl oloajJI ^jic. (16- 1 ) <1 jL*II ^ » 

: jji cu£II £x&i jill <iLJJj ^>|j5xll Ja^j 

(constant) = 8.99 x 10 9 N m 2 /C 2 

: yj*- cutill 11* <jIj£ JLUJ J>4j J>4 hJ^aJI 




(constant) = 


1 


( 16 - 2 ) 


4 7t£ 0 

^LyjyPeimittivity constant e 0 cutill jlkjj 

8 0 = 8.85 x 10 12 C 2 / ( N nr ) (16-3) 

: Sj^all /‘lu ll <jlj& (j^AJ <ud amiII cu(j j* I 

F = — 4; (16-4) 

4rce o r 

Ojli L1 Ll*.I 4— d (jll n . ^ 3 < oU-y .*11 JL_u^1I 'jle. * j ~ I - • -II ojIj < ~ jj 

• J>il 

I CiLry .ill Ji^l I Jilin 'tij*y Cujl^Jl Qjili ( 16 - 4 ) <1 jL*1I 4 ..V*. 

( 1 / 4 K £ ) jliiil jut G iijjUJI cnlj iJjiXLi 

o ^ u »• • • •• • 


: 1*J4S1! Ciliajll-r/n 

I j] ^jjJI <i^-* i JI Lfili < f^)j£JI (J-* SI ^UcuJI <t-k .ill AX^j 
UjJX jjtin ijJ I t j "m Ci^ Vi t <£Laa <> ia. Ij ^ X*j £ l>il I Citd^ 

<lVjj ixujd • L&-» <ia— ill (jS-u di jjJtJ . oi>jj 10 X 8.99 

. o-jll « Jj-UI . <i£ll : S^luiVl O Wl 

jl^lll *Xi <JVxi ^ U«J <j£Jj < ^jjj^ tiLi Iji C. JaI«J V 4V-V I ill OUjiU .J li^J 

Oj i ii jLjj 1 1 It ij jil I * iiji'vl 1 4 \ ji ^LuuVl I j-t 

j^-*Vl ^jLJI ix.i *X^ djjX* jjV l>lcMJ . txdj <ulu ,j*j Xylj 

xu U Ijjk ^ dial < jLlll ii>l I ^ - ..j Llii t 1 JUiL <Aj*JL 

... i j u* CftXatJndl olx»jll fjk JU £jU4 JjXa <^1} L*d(j 

. dla xu l*j£j 


£or 





j — <JI 

S I 5,t. i i>jll 

< l_-£JI 

« 

c 

r >4 J -S 1 

3 . .jiOI 2\ ^.»ll 

A 

Ji fll 

u — j 1 — 

V/m 

ji— * / c4ji 1 

Kj — 

N/C 

/ uhj^I 


A/m 

j** / 1 

^uutguLi 

N / weber 

JHi / lHM? 1 


Weber 

j+r>s 

^mjUnitliK* ., it >11 

Weber /m 2 

**/ JXii 

^...junitt o^iii uik 


: p-H) JCU 

V ^ > ■■ " J I aj-* ifeLU*-* 

: JaJt 


: y<MI *J* 

mM _ 6.67 x 10' 11 x 9.11 x IQ' 31 x 1.67 x 10' 27 
r 2 ( 0.53 x 10’ 1Q ) 2 

= 3.6 x 10’ 47 N . 


1 

4 7ie 0 




*) 

e* 



= 8.99 x 10 9 x 
= 8.2 x 10‘ 8 


( 1.6 x IQ' 19 ) 2 
( 0.53 x 10' 10 ) 2 
N 


tol 




: {J Jk ^jill ^i] «LjlaJI (^jill C>u <xu«JI dfjj m+Slm 

3.6 xlO' 47 / 8.2 xlO' 8 

1 : 2.3 x 10 39 : 

( *i^i L^JLaaI (jSL»a tdljl <iuiillj Ij^k ijjLuiC^j^uIl ^jJUl jji 


: (r-n)(j\i. 


-13 

jjjli < Ij^a 10 ULu L*|4Aa > jt ^)liU i> Ull u<iui^ (ju jiljjll Ja^jl 

9 wiaJI $jL $jiJI »1 a 

: 

•* 1 " J ---"I | *‘* 1 - u jiiii ?y.i*.* Zj*t ja cc ^i»rt 

2 x 1.6 10' 19 C : tf 1 

_1_ 0221121)1 = 9.18X10- N 
4jie 0 ( 10 13 ) 2 

. Jlx*1 (^1 < »jj »(jj <]j£ (juij fjJk oc ^_l»-aa. <ll£ 

•' uijUlII 5ji 


G 


_ 

..2 


6.67 x lO' 1 1 x ( 6.68 x 10‘*' ) 


-27 x2 


( 10' 13 ) 2 


= 2.97 x 10 


-37 


N 


. jiUllI S^il <iui'i11j lj» ijjjuu* <jjl&JI ^jill tji jjl 


loo 



: f Uf ^ 1 

<J U4j (^» jL (b) AjlJI 1 1 1 A * i (jit 4^1 1 o I « j l o^ ll 

JljJjJI t*j.i -v i t.lfl<l I ifrai mail (jit <1^1 ■LajjL £-* • (16-4) 

* ■* £jjk I ■«- ‘ *»■ ■ ^ ljj£ Lulj J* *k~i cil^ 0+5 * Jj£JI Cilj oLumaII liA j* 
.( O, ie, i 2c, ) ^oaJ I *jjk j^I JlLIj cli^JLlI 6 jjk jj| — c ^jt 

, till j 4 j£xm<^(£]I *■ Ljjill n't Vj 

ol ’ i -t ii t . JL»1 aI Jjafc 1 <-t 0 J^aj io=kj (jj cJjj tjl 

2 1 

Lf-ili quarks ‘‘Ijlj^ H« ^ » ...'j .-. l » j • ■■ C* -^- C lijL i • 

(jj J.X i ^ tiLuu 4 Invlll t JJk (J j.-fc JftA . oL^jjj^-ill Ij oUjMJj-tll (jii.ljJI t_uikjJill 

C^ttLLiJ I J^la. la^ ijAiti CilkaJi Ukj^Ja (jj& l*j j f ■ oLaji <*tJ 1 ^jiLfk £ 

. Lajjj^aj SjUI £>u la^ <iLUI <aajja 


Ci\ 4 jM l frN O&H £lUa-£ £## JjA* ^ U^J 

(Y-n)jji» 


bshi 

>J» 

jt iMI^l 1 

Panicle 


Y 


Photon 

>— 

U' 

J^Jb? 

neutrino 

-e 

e 

OJD-^J 

electron 

- e 

P 

OJJ — ±* 

muon 


7 t° 

a*-- 

Pion ( 0 ) 

+ e 

7 t + 

Oft— 

Pion ( + ) 

- e 

7 C 

aft— 

Pion ( - ) 

+ e 

P 

aj-MJDe 

Proton 


n 


neutron 


i ol 










+ e 

A + 

1 lb 

delta ( + ) 

« 

a 0 

1 Jj 

delta ( 0 ) 

- e 

A' 

L .11,* 

delta ( - ) 


dJU , UXH^V 1 ol 


UL*jd Ijjk . jjj 'K IV I l^l.t ->j Quuntizcd >1 > i 1 n*««> 

ijlc. <«12£ jLjIaIj i ^I.im.-^VI yit ol‘>-fc iM LLJU^ juc 

. ^ lj til tiill £a ^>1 hliU jgjjj <!lj (j|j t i.ii^ < jx» JSLI ^j^JL ^.uaJI 
<J£II ila-UI JLu (jl (jlc. Conservation of charge oU-k.tJI *LL 


(jjjllll I dJk jJaljjj « £»4aojjj j Vj V ^t*fciulL» < jjfcTi V <Lli Jjjjui ^Uaj \ <J^lj 

. l^ulfLiXI ^Jc I <xa£ #Ub • oLLJI »UL /^U 

^jSHj pi a.jhii'%11 (jAULf lf-ii tr J^LH < <jjjl ^ •. »< «*> Ch oiLtlill u-L? 


( OM>* ) ^ <r~ ( o5j^iyi ) 

o i — + e + - e jlaL» 

• u M* <iUoJI f jLaj {jc. glllil JftUUI ^ I—qjIj 

(rc + u*“) + (u>U*) + (ujlha* 1 ) «” ( CxHJJi ) + ( UlRJL* ) 

+ e + +e + o «- +e++e 


i_y\} 3 l j > i l j 4 < tO <c>^LfcLLlll ^ t JJal < 1% » m M ^1 1 iAj | iiy\3 

oLuj ‘^1 1 Jui JtLlJ ^01 itil t CuaUa^ I <1 > I A a *fcll ^Ijllull (JjcLaaJI L^jIuI 

: Ia^j *«JLuJI i_JoaJI ^a £y* S0 4 

Pb + S0 4 ' -4 Pb S0 4 + 2 e" 

jA«l .* -fc 1 jj • olla— ill (jcgljgj 

: <UjIaaU Cmj *j » n^l £a .M/i ijjfll 

Pb0 2 +4H + + S0 4 + 2e-> PbS0 4 + 2 H 2 0 




o + ( 4 e ) + ( -2e ) + ( -2e ) — » o + o 
i-hLill C&SJ&V JLSSil i~> * O^Ulll 'jj < V^imII (jl £^alj^ 

. <i^jlaJI JjiUL cbLuil J}La «_ia^ll w twill t_JLwJI 


: ( The Electric Field ) v o t si\ JI~1I -*/v» 

‘ (/ VLa-* o) ^ | > «■*- > tfl > r » J n»_ » 

O^l^II <^a^ll m>II »J ^3 jjic S jl^LI Sj^iJL <Jaii ^^4^11 JLall ixJu i_ijJL 4 j 
/ c4>i Jj-* *^*iJI o«ii jAj JLall SxJL 6 J^jj . ijjySoll <kiJI ji 

• felajlj jIjIaj L»L*j JAaJu 4 1 ^~‘ * 4 JlaJt I i Jui(j , jit 
jk ui^Ju <jjj | ^ ill pliffc itwll (j-« *Lfj a ■a *^1 4*f>. >ti Jj-a | ^11 JLaJLI Sjuili 
q j*ii> imj iti A {jUi ^11 Jlall ji <JaL jk q ikki Ci* i l«l(J > g.1^^11 
iik E ^jj^II JLaJLI tiw j jj il F / q <iuiill jli F ijA q Sjl^JLI ^jill cuU^j 

: <j1 tfi < q il^illl a^Ijj 


E 

E 


F/q 

1 

4 7l£ 0 


(16-5) 

: i jJk JLaJLI SjJu ( 16 - 4 ) <JjU!I J1 iiliuljj 

(16 - 5) 


^ilii jLajj ^jSLaj J li.v w lj*if plk» itJI Ceja ^ » >\y^) <ILa 


• ■-■!*-»• -*-M »‘n ^ 


• (r-n)jtli 

9 Q < « l n* i ‘u iliaJy l^jlf R Lljiai i . I nwi dk i»a»*a JlaJU Ja^l 

: J *11 

( ^ ) JSuJi ji L& i til I <*UI dS 1^) i ok ^jjc.1 


t oA 



: ^ dS j^ull Jc <IauJUI 


dQ = 


2 7C R 


dS 


dE = 


dE = 


dQ 


(16 - 7 ) 

jJjJtl P 3 La*, 3~. - *11 *jj| 

dE Jl ^ > > it i ti j 4 a 1&JI j^i Z 


4 7C £f 


( R 2 + z 2 ) 

Q dS 1 


dE z = 


4 7te 0 

2 7t R 

R 2 + z 2 

1 

Q dS 

cos 0 

4 7ue 0 

2 7t R 

_ 0 0 

R‘ + z‘ 



: <L 

[ i 

Q 

cos 0 

' 4 jce n 

2 7C R 

R 2 + z 2 

1 

Q 

C0S 6 2 


(16 - 8 ) 

i^JLJU lj*J 

(16 - 9 ) 

Ul Jlc JSJIJUil^oAi 
dS 


4 7t e 0 2 7t R R 2 +z 2 


cos 0 = 


2 7t R 


(R 2 + z 2 ) 


• E = 

•• D z 


Qz 


(16 - 10 ) 

oil 

: jA v_^lkU JLaJLI /*> » Slj dl<ij 


4 n e„ (R 2 + / ! ) w 


i 0^ 


( 16 - 11 ) 



: (t-U)Jli. 


cr lc5^>a^>« JU / O <-*. .. U l V « < \ M . t>ft ^^LUI Lr ij^l\ JLall Aa^l 

$ yjLfi V ^j 7 i ■ I>> £-L-uu 

: JaJt 

< jiLuJI Jlill J^l p t ~ ■ ■■ ‘ pj A 1 a CjUJ& jJ| ^jXuJll pirn tl j^4i 

. ^LUII JUJLI ^ , oliLJI J£ Oc <HUI oVLJtl 

<7 2 71 R dR 1| jlr <’i~>i mJI ^*i j&z dR R < tl%lJ jJa£ ■ »■-»*« jji 

! ijji Via** <ia*4JI tdA 

dE = 1 2 ttRdR 

4 it e„ (R 2 + z 2 ) 3 ' 2 Z (16-12) 


<u» 1 1 <Ja2ill jlc (J J^JI JlaJJ i j1l J 


2 7i a z 
4 jie 0 


RdR 


(z 2 + r 2 ) 3/2 (16-13) 

: U* ^- > 4‘ 03^* U = R“ # l>a.l 


E = 

E = 


2 7C a z l 

4 7i e 0 z 


a 



(16 - 14) 


:(o-n)J\i. 

1| 1*1^ <> *>nn l4j‘n«i « Uj^« £jua^>l lAj I Jl^J.1 Ja^j! 


5 jl»/ 






l ul l ufi£ll jji jLaclju i JjLuJI JljJLI 

aja (jrujljJL^j t 4 qlaJaxa JjC SjLidt 

r 

(> LaaIjaI i jiL* / O' ~ 't»... <’* ■ 

UJ^d • (^“^) (£>-a^ 
: iji 1 ‘ *■**. ^ £>1 J£ Jc. u»0La-ll £>**-• J* 

E = c/e 0 

• C^ri jj £ c tiua. 


: tfjiH ijii _n/H 

jjjlu Jlu 4 >r>A 1 1 Ui>ll jit ol I ^~i > piijj 1 L*jL*j JLa-U Jjxaj £&*£ 

•W 31 J°*-i JJ ill Ll.ll d*l. !_|t H L-^ ■ 4j »JJ L*Laj lj Ijl J_5_* <ittii yji jit (JLjiJLI 
^ ^ uxuiUl^j . <UilII * dA die f£ll JLaJtl *Lakjl <Ja2i «Lil Jac <1 (JuLaJlI 

JlaJU <]La*. (J -i ») iiJjJ (jj&i JL^iaaJI AJJk Jjl ^| . JL^JLI LiJ^L ^ t ill 

. 4 tjn .All Ci 5/ LaJL I <11^ ( jj jcLjI liA*tt> ^g ll 

JT>*j (jlll >311 Ja>UiL JJC. (jl V>i2l *Mj 

i=l>ia-aJI JJ_^ <jj£» > Q/e 0 tr* Q^a^ch* 

: ^-A J — a. I J f _>J j — £ L*jj_Ji <i- » . i>* 1 — fcjllll 

J^LillULlS l./e 0 = 1.13 x 10 11 

. <^LwJLl 6 ^L>ij ^ill Lajjuiu 

ii-vnjs2i . (t-n jlz) 

LL^ q /6 q i | *■ ^ q * >u«\ -*■ jLitL ^ui£aJI ^ojjIJI jjjjli oLuj jSLu 

<r UkjlaJ • »-*■ i»ll Sj£ lij^c.1 I j| . lf)>a. oLaLs^jVI ^ ^*>>S 

A 

• 4 Jl 1* Ka^Lu^j ftj£il IdA q In * ii ^ i nl I ^4 <^)L=JI ^ Ift l i 



n\ 



( cf /e 0 ) /4 71 r 2 j*JI I 1* ikLJLI ^Uli ^1 <55*11 J^JLl jjc 

jjt jaoJI £jj* £■* Ijm^r umliTi — ^j^ll (jioil I l| jlc jila^j ~ i^jLnJI <Ul*£ <j1 (^1 

dljl 4 J 55 UI <il5£ i IjljJu ^jLuri Jlall *Xm Ciil^ Uj ” tll> tail j £ ja 
. (itiUl 4Jfc Li Ijj^j i til I {jf- *aJI £jj^» U* H^r JIaII *Jj& v,iM»liT> 
ji < 3 i 7^ 11 olla— HI (j-fj jjL—all (55JLII J^jJal 

(jjSLi jjl ^jlLu V jj < <la*i jk Lij^ll ( 51 *11 l*jl ^Jalili Vj 4 <JluJI Cilia iiill 

£A LajIj J.Iiu L(J| (55 *11 -Ljial ^_A| Ij <L*i «llc (jl*Laj I JI^aII 

cL^>Ji < 5 ! <IL^ . ^»L«mII *jc Vi" Jj <bLi li ill Vj i Jj^J-a ( 5 I | »L i i i 


V (^1 1 I 1 > k lHIJL JLaJLI SxA 4 Cil'ii in <tl <illjj J-a . ij Vi LuaiLI (‘na A<* 

. ^uj 4^ (55 J igjJ>*l 'Ll Jllj Ja^jj 
(5« <Uja Jalj j^uaall ^*HI ^ 1 * tU be of force ( 55 *! I JiiJ LLa| (jILi 

. ( 0 — \*\ JSal ) 1 ^AJjfSJI (558II J55II 
LJJJ-4H 1 6J-U I M>jj 1 < 1 1 . V i Cj£*U 
J *** 3 hj+‘ L i • L+i^Jjju 

(JiHll -L^ Ll L ~( 5 ^jLa 1 1 HI J dj ja.lt 

jx j jL\j . J l, 5 . a 11 Li^lll (55 *11 J 45 LI £jL*il 
■ik (55*11 L(5iil Jll* ''fj^f^ll JIaJU ijji 

i^jojVI ^KLj Aa L mj l j h 4 <1 Ll'i ( 5 1 

. 3 Li’J I cllj *jc 

<*ll 1 • >,uiLV 1 ( ji JjIj mil ^Julll Jiljll jb OL^lx_« jj JJj oLjjI «_JUaJI jl* ) 

(fc ^ 1 



nr 



: ( Electric flux 

• <^j>|£)I jjjUI ^Lhwljj < i i, ^j (jSLaj JLaJll (jl U> ‘ A j id 3 ?“* 

JiA E JIaI I . (JLaJU Ij^i ijl mil I Cil*l*>> 1*11 (jy» lojjajl l >K I | jljjj I 

tf>ill £»* SXaUuJLI oLkLuil i 4 (jjjUl J^jJa^i JAIJ t_ 4 jJU <Ja 2 i 

, <Liill tilL jjc 



E n, 


^> E . 




► 


in-n)j£E 


(j< 4 >aa jUI flux t^jitll IaaI 

J-j-oI— S i < E JUfc-4 ^ S <a>l 4I4IJ 

l-ulxl* JL*JU ^ IjJj • 0 = E n St 7 »j*«Jl 

<-x£ J.\ ( *\ - l « < <aLmJII 

(jAjill wl .4.1. jk jl jlf VI Jl t>oll E^li^ull 

E cos 6 < i ^11 t±lb < ii‘ij • 

. S <»LJll ^jic. ^jijmIIj E JlaJtl ijjutt kiaLil yO 
j* A <^LmJLI ^)aaaII (jj£j «illj (jJej 


0 = ES COS 0 

a|jj jlll <jiiill <aI 4 nil l|ju S cos 6 jLlcI jm jV I ^ fjjlL SjL^j 


. <j1c LjjaJI ULJI 4 JUJ 

• VIaji ~ d j|^ Lt| — Li ^ ■ li.t'fcc oLJI LIIaJI (jVI ji t»^ 

4 dS ijjJu^ak Lkfjl oLaIi4mi ^i] »lli^<i i I j] gL. JL jULI (jAjJUl <juju I V i ^ i j 

. ( V- N*\) ij^* “ ■ jk iLlj Jl^i.1 ixJl jl jUtl (j'tiii tSjv 

d 0 = E cos 0 dS : >* dS <JjVl <^LJLI jit o^ill 
<jwmuJIj C«Lia£JI tJH-* J-iliijA ^ jUI (jJl^JI aII 

: (jl ^1 4 ^Uiall <4j£il fctfl oUbLJLI 


( 16 - 15 ) 


nr 


0 =/ Ecos 0 dS 




(Jjjull Cul^j 11 JUJI SxJu fcyjj iJt JaaIa tib ^j^II (_^»_t ill ijLc x^3^j 


: ( Gauss' Law )lhj^ A / n 

o l’iv I* 4 K i » jli Li Jii a | J i » ii i ^IaI IjI <ji |^ic j^La <L)kj ^aiI 

tiUj (jc. 1 Q/ £q >* qU i J I Ioa tb(-A jULI ^^4^11 uAjaII QLjjI^ 

: <Ujl*IL IxuaL) 

• •» 40^ 


r 

<» E cos 0 dS - Q/ e 0 

4 

(JSLuJ I fji L»Sk Jii> (JaI J I P <ieuUlf die Q <i^!u jj'm'i L^liiJI * dA oLiJ^j 
E jJk tfAj-* aJI Lldle (jjSlj g U i ill I jjJc. dS SjjjLla «( ffcliu • ^Lin \j . ( A- U) 

6 <^jljJlj i <kii)l » j_A jic JL^jJLI ijuJyji E < Ecos 6 . dS 



. E JLJLl aLajIj ^cLuJI ( _ r lc ^jjuJI 


H£ 







( *-n) 



d0 = 


1 


4 n e 0 r 


~ cos 0 dS 
2 


• Q dS 4 a 1,1 ill I r 

i ji dS IaLJJ jl& ^i^iiJI tjAjtll 

(16-17) 


4 jcI jill Ciitli^JI 


dec = 


dS cos 0 


. Q ?*i% i »ll jS|^* •ija dS <aLmiL 1 ujll 4»jjl^ll l jjk dec 

: jjk dS <aLJLI (jit ^4>udl (jAiill dlJjj 

Q 


d 0 = 


dee 


4 7C £r 


Jirt %‘i jLitl Infill t dS JS-* <j|jVI oLa L. J.1 JfZ (jit 

• (jl ($1 • 4la$lj ^Umll (jit (ji^ll (Jrtjlll (jit 



0 


dco 


(16-18) 


Q_ 

4jce 0 

Um (jJt J**l£iJI *^j li_il l . . aU « -> J *(£kJI < OvLe. jj-lc. SjjUIj 

. Contour integral Ji_i* 

0 = Q / e„ (16 - 19) 

CjjJaj ,-iTfrj , 4n iLuuj <i£ Jiill jda*ull 4 1 1 u *>IL <lcI> 1I ijjljll diu 

: t n i oJ I jJc o 1 1 > il I iuiL 

1 E.dS = Q/e 0 (16-20) 


< £_Ja**JI J_^lj pl> ** itJI CiJJili “l Ijj 4 (jii i i> ^1. f (j 

<jli Jii* g i ft fay (^1 Ja.Ij «... q 3 , q 2 » Qi CiOa^j IjU 

iua. 0 In i nl I 

0 = Zq/e o (16-21) 

JLsJtl SXfau jjit LijjJaj "LjleuJI Jii Lijyfai^j « < jJI 6JJ^j 

{*kfay ^Jfc ^4>4jdl (jAjill Jl oL5j Ojiiill u^*i) - u>»-fa** 

JL^Jll 6Jaii (jl ^iiu uD^j « Iji >a ^1. i ni Oc Ca>jl^ <*i % i tit 4 ifai’ilL « Jli* 

. l^yLfao ^jtufai «LLllj olV> ui (jJc. ^jlafat V « ^n-fciii* J-fafi^* £^l (J^lj 


: Gauss lhj^ — 

■■ (n-n) jii. 

S <Aj -fa i t >* ij£ ^jU. <LL ike JL?4I aa^jl 

: JaJI 

JLa-tl . I | tlin ^ Uaiili <ejj-* Q 4 * > -k <y j i t i* ij£ (j-ajii 

i . -* tull Sj£il Ij^jdi'i * L>i 1 ^Liim Llfaiji Ijl . tj>£ ^iL*j JjI *"> * Lf(>dh 
J !uii . 4 ■ * Sa ■■*l*'k* <Lujf£l I (£jiJ I <‘i *Su < ^kfay Jxfaj 1* *jki 


iw 




: <jj£i cKjU. jrfASjJ ( ' - \^ ) 

E cos 0 dS = q / e 0 

C# 

cos 0 = 1 , 0 = 0 


q_ 

.2 


4k£ 0 i" 1 < 16 ' 22 > 

. j£jll JiC «<**■ Cul^ 

: (V-n) J\l* 

X Lkjl jJL» ^ ■* l|jlr ^Auij J yjiNj ^ 

: JaJI 

y u-lc- < \ ■* . t ll fri^ JSLu^ i 1 f t-> 

l ^Li^ (jLi <i lj I n m V I 
<Llj LnuVI g&iaui ( _ r L Sj-al »‘i « I | i j <i> 

. ciUUlVI 


l J J 

I 
I 
1 
I 

7 

I 




--M- 


✓ I I 

~~~rn 


t 


r t 
I 


<'•-'■») jjCi 


1 ,1 tj ^jic. <]plj gift JLaJLI » J III ala-tV 

L »^j— Li <j«.— . <% ffc • ^v* r 

< / 1 |(>L jt SjLix. La. ^ t .. .. U i«i 

> > iM*\j *\j ^jljLuiVI 1 tin A* jali 


nv 



. ( \ - U ) J&Ui ^ L£ , r U>. Ui 

< <Uc <jljJo-u<iU jj'i'fc til qLhiM jUI I (jl Lm 

cos 0 = 1 {xgj dljjj < 0=0 ,j 1 

\ E . dS = \ E cos 0 dS : <Jal*ll ^ 

< ^Ul o».Lui^ ^ <1LJI .i* <y» Um i i , -fc l m 4 

Vj ^uox-Liil jiuj ^ w ill J^iwoh (jl jl < ■*-** V (jCxcLiJ I <wLwu ^11 <LiL<^y L 

2 7 C r / = <jIjLmOU i in <>ll <LwLu*« . I « t««“. 

.*. 1 E . dS = 2 7 C r < E = q / e 0 

q = Xi : (jil 

2 jc r^E = Xi! z 0 : ,jl <$1 

1 X 

2 7C £ n r (16-23) 


E = 


:(A-n)Jll. 

<UaJa*u II 1 1 * *. ■*.. (j t a I IQ* ^y ilMLl ^iajdU JtaJtl S«uL Ja^jl 

$ ji*/ (\>b^ cr 

: JaJI 

JS-&JI ^ 1 • ^ i ^TiUnJI jU I4 K Lj^II will i^ki JULwllI ^j* 

^j(j < (j 1 .Willi 1 ^Limll (jJc. <J^4C OljJwidul J^li ^Jc (J^jlw gUn. J 1*1 II . ( N \ — \*\) 



! - - v* - •% ' 

♦ ^ A > 


(n-H) ^2 



Jc^Jeuih 1 > f Lii^ j < IjLaJj (jjSLt jjJ.le.li J£ JU£. E ^j^II JLaJ. I 

j ’ > -» > * > 1 1 In mil (jj til ^JaJu V 1.... a iij COS B = 1 (jl ^1 < <^ 3.4 r (^>-211 

:^UJcl2jl 4 h«iiIL <il Oa*j (jiiLiljj • COS 6=0 (jit tillj jjJcj < <jI^LujOU 

/E . dS = /E cos 0 dS = E ( 2A ) 

: jjji <ii^Ux«^U jMktl I ^JLuJ] <? > i utlLj L«| 
j E cos 0 dS = o 
: j* Jiitl tn3^* C^ 444 tr^ uJ^f crkj 

j E cos 0 dS = 2SE = Q/e 0 =oS/e 0 

.*. E = a/2e 0 (16 - 24) 

( 1 ■■ N*\ ) JLS-* ^ 1 I .jlft 1 >lirt -a (j I (ji.iu jjjJI 2 iji jjJk 4.1* jjl 

. (^daJI £gJ ^jjlZJLf ( 3 d * ^uo l jj . (*| »jLi ^,IiA^"h«iL 

r 

jj-C. Ijj jlo / (5 <’i\ itn ^n.^.tii.a q I n. Ill JLall jLmJ Sic. 

V Aij. -a « J-i^ji.1 J^lj .\t £j £uiaxJ 4 i 1> mil <^ljiaxuVI Sj_cLi jjl ll* 
»1 a yj |vLw J^Ij ^ i*> i tj I cdlji • Jlii E — o jji j| i^Lai 

: jji E JlaJU jjjjc i aS (jJk <JLJI 

E = a/e 0 (16-25) 

U i »l I lj| VI »&.<&!! ^UiiiII ^c <kiiJI jaj ^y-lc. JUJLI 11* 2_aj* Vj 

. \j ^ ■*■ ^>JAj V | JlLoj Vj i Ijji 

JU2.I Sjuijjl xa-i (16 - 24) < (16 - 25) t/ 2ljl**<oli-v 

|Jaau yJfi <JAul)l 4XA juli Cul^ Ijl I j l a t* » 1 1 rfl't ^jjLuu ol i*a .fill ya mi » 

(^La. ylc. <_£>iil £j>2 <ILaJI jji <j| jl »illj y* k 7 u-aJlj t^^StuA 

<_l a. (3-» * | ♦ _* » 1 ~> (C mJ I (j Li (Jj-ojll <iLa. yU Lai < ^ I-w-mJI <JLJL1I 



: ffcVutlt ^>4^) Jla^i - \ * / \ 1 

jLjuI "ijjljj-* iuj^ll ^y ill <xi ^'nS ^ jll JlaJLl fJalill JL^LI 
Cg»~ “ ; £guj(j^-* Qujjlju* g*> imi JLaJJ I jjk ylc Jj <rt Till 

JLakll ( N ^ ^ ^>lfc ) (jK Jj * ^JaJLuil Jfj < £jill (ji qjlilli-* (^j < igj^jLuiL* 
• CujII S_>laS iijauiJ Sjo|xull m tyt^JV I <irk iti £jUAil ^ hltl I 

<skli ^jUL jajj • A & B CjujljL* £jujj«x ij^^} £yjk (jbSoU* u£>u 
« ^aIx jljj LfJ^Jl jJii Ctijll lJ* 4 i ll IJ oljLt jj (j>ii |buui < H ijjLut 

< >4 JUkA ^ < 3U«L Jl oIjJaaII i# Li-iV (^>u (sj* {J^y^ 

. d *‘‘ 10 Jftij J£<Jv jjic 4 _uAjVl ^jjl&lf jjjLj ct-fci * Ljj] M 


. ( \Y-\*\)JSLA 



(w-njjsda 

qu jj -fcl ( ji « ij^JI oIhjlh^V 1 ^ “* Cujll SjJLi Uilh 

Ijk <tii< i> 1 < (q^jill (jro 3 jVj < n Luii jljxlj oUjlhJSIVI a XA J»tc ijLj 


tv. 



. — q yic mJI jljjli lLU»ljfll 

( j J* t J lj <xa,>a < >■ •» .««>* C^ 1 ■ ». * * ££“^1 £& ^ JL?-** 

jxju jjjl* jt *fc » lit I ij till I jic * j ■ -I I iiOji a j 4 ULu ■*•* 

• £*»^ £& a ^ 1 JL>* 

Sji £• • <i j~> « t i t l cujll SjLS ylc. (jJcl yjj Sjl^il SjJJI ^jLuiH L»aicj 
J( .a.* jji L-*Li CujJI SjJoi 4 Ji i4j| jjJj 4 _> i^JVl <—ujl ? H 

: ( *n £i jjiicj 4 

m g = E q (16-26) 

E 4 * >LUI ^jlc. <Ia^uII i jJk q 4 <Uj-4»jV I iujlaJI j l^f g 4 SjJaill <££ ^Jk m ‘ fc ■_**>- 

■ £ 6 *^ £& uiJ&l 


» LjI uIa I jjJ] Lfl » Ij^JI ^1 j JL*a| jLu }li < a j. >A cujll *^1*2 oul£ Uj 
ull Oj> 4^JI ifJUl iJql <Tt ( jjJI f iJa^I (jJj M t k ill S «Jill ( ‘n £jcllj (jIa^ ■ 

^iJI «ji jLajI 4 Lfl * Ij-fll £JJ Sji <1* L^L* SjJaJLlI iJij <^jLui_« 

ijjtm « * l^fjl (j-« *k (jj t Sjiaiil t Ij^jl ^Ja ^j L t u £»_> SjxLS <»L 


: jjJl Jiu «1 ,^J] <*Uill Sjilf uJ& *ili j ‘ f 

y Jtr 3 pg - y K r 3 p'g 0-6 ■ 2 ^) 

. p » jj^II p f > > i n‘i SjLaII jjl 

: ( ji ^j tdla ^ylc. % 4 Ji**l jjJjaUiill S>Lil I >-M>“ £*ai^j 

qE = y K r 3 g ( p - p' ) 0-6- 28) 

* j L>* ^ic. q 3**- .Ml ji « » » aL*J ^4 j «_i]UJ. I j>j <^JLaII »£jI 

|^J^| I Ij.^ I ^ i ^ |J J I 


• *Ca » t*^ JJI <»jjJ* 


CuL^i <£j^44 i.iiiiXj Ja^j ( ^J JaiLuj ^ m -j> ^| (j| |jjc 1 1 »i ^JLijia 



^j| p . ? » <$ >a II ^jUl £« ^J] JL^jUl SjJ t&jLuti; L*ok. terminal velocity 

. Jibuti 


4la^jl J*Lu» £jl Jau^(j iikiiMj r (jkjiai t lirt'i *j£ <lLk jji <j| fji&jpjLjt «Xa,j 

till JoLujI t_JUoJl ) 6 TtTjVr (jjLii M J la > t'v ll I i^A Jjl V <ul ^4 _juu< i.ii.it^^jTj 

( jLiuVI ^ I JaXuiL 


4 

3 


Ttr 3 g(p - p' ) 


: <jl Jau (jl^jliu «Lj^j cujll AjlaA <ll& |jj tillj (jjjUljj 

= 6 7t T| V 1* (16-29) 


9nv \ 2 

2 (p-p')g / 


: <]jLaXI (j* SjJalll jlaA « <^il i n't tlllju)j 


(16 - 30) 


ijULiJ ^>A •>> 1 1 ujj ^j^£ll JLaJLl Jljj < ijiixlil V 4 j'il| ill <£^xJI j_yu 1 i l(j 

o* j J j •> * “‘ jd • lilia* (jbxau k^o^uot^uLI JLa_A ^ • (jLjljjL* 

> jJI i^jli nil Ui^uj jlajj 4ll i nil IJ^J A^lojJI J^Lu 

E JLaJLl ijui(j < p Cujll ijiai <jLi£j T| p * I^JI <ilu£ 

Cujll tjltl jjJc CJ CiawiuJI jlji« ^luu (16 - 28) djl*JLI Q^ A i ji* / 

V £_Ajj-b j.t i/t«i A & B ££a^11I J j.i^uj itX^I di ^j^fJI JLaJLl (jl Jaajljj . 

• E — V / d JLaJLl SaXJu (jj5u tlUdl IjX* d I (jrjj <il i nil Cul£ ULj Ja|jA 

ji i»ll 3 au 2 jj jil £_* < Cujll *j-lai <>f Jc «( i> Mill ^ Lull jlj£uj 

La f Li A « Lulj Jjj^i tjlaill jJa ilauull (jl ila^j < * ■ -H OuluVl ^tlxajuaL iju J£ 

-19 

. ^j &yi < ‘ k ~fc t t i ^ 10x1.6 i* e «UutL*ii «*» 



jJLc. £)J)Loj 


• Ijl* 10 *ci l « >1 • o***-} O* (jl J juj « (ill j *.****•> lAj jiUlll Ja^jl — N 

? l^ m yjaJI SjUl * JJk £*} uj* £ 

" 10 

(jjjj flV I 3U c. I \ ia^i . Ijlt 10 X 0.33 li4| iu lil , ill I "}ju£.l . % 1 JjV I 

5 Olx^ll KUKJI jUcL 

« LJjLu <m>I >U JL>^J ol^Jfl (jj» t-j£>u ^jj^uaII JUjl^IS jja 4 ^jj| 6 J^L — X 

-10 

9 jl* 10 X 2.82 <J j^LftJLij (jLju* f J£ <ju iiLjJLIj 
S j luiW L >| \* JpL jLicL. (jjjjlaJL» J£ £j£j <LjlaJI j^j) 

4 l*i.ui 92 I | iiAal]l < IjJ I IjJ tJ±L^ O uj > j I UIl ^ ‘ — 1 

iljlll at ^-u-ujJI jjic. j!<jj jjlJI <-uj 4^JI i^ill yJ L . aj>l^Jy I 

, -14 

9 * j-k jlc li] I ^ji<i%l 4 jUt> 111 <lajJI Uj 9 Iji* 10x3 

4 t ... TV .i n J*J J4>* 1 1 0 J4 ^ (j A t Jaju JttU 150(jjLt>f^ I i n ft (J— J M ~ o 

» j * ^ilil 4.aiI*1I ^ o Ujj JjJVI jjk& ^ . JLul5 / 1.3 Ujj—i 4_uj4^ 

94^1 

: JaIaHII f jjk <jc gjaj — *\ 

Ni^ + 4 H 2 0 -> Ni 0 4 ' + 8 H + + (electrons) ? 

I jl t l* \ i t~ I T . M ^’A^jLuiLa l y t l^aj UU jtt au * tjUjljl* £>U Any SSLlj | *-x^ % — V 

9 <Ux. UJ& IjL^i I a4Jfi 10 X 3 l> f t n JU-tl 
{jj£» IjLJ < uj^*ill i_JLuJI <£jLuJJ (*i i n I jjli (jl LxA^i I jlj 

9 jwwi 1 i nl I (jjj m.nJ I Cul£ I ij >_g4^lil wa^Lt ^ ^ in«l l J*< u L»Jut 4ac^L>i 


ivr 



1 200 O.U& ^ Ur. > JL»-4 Jal J vJjaaJ l6 9 x 1.6 

*ja.L (fjll * dax. l/^ 6 / -M>* 

*> ( 10x9.1 ^>«j3 Sbiv I <tzs> ) < 3 * 2 m*** 

C& uJ^" <j-* f-M*0.00013LAjkS«-i^ 

t ffitl <JLmJLI Cul£ I jit . Ja4>i8340xf^ (3_>ij *> i ti * >, i^ « 

<JaX j SjJaiJl jlc ^\*k i nil jljL i-ii »aU < ^a^920cujll*UI^)^uil,6 

S ( A / ji* 9.81d-*jVl djlaJI 

150Qj| % jj irt«i ^4<Jl ^>Ul < ^ui 1.5 m i<i.a I •!>_>» (jijj(>La - N ♦ 

1| Uilh jjl crti ^^lil JJc >j M>al . (j^jVL ^1 imll 1.4 ijj . Ja|^i 

-12 

JaX( . ifra^l c>U <iU 4 ^Lu (jla « f Ija 10x4.9 L| — O — Jj 5 jiai 

S S>iIUil^l i+uulL 4 l*JI 

<5kj^]l <iax. (jj£j I ilxi JflJyi— 1500 yXiAii SLal U xJl ^Ull .Ifa mju Ijjt 
ji Ija Li^jJLuj JL>i < u*i < ji* / 900 Ifl iH£ cuj ijLi jLi 1 * • — * — \ N 

-5 -2 

10 x 1.8 »Lh-H <^3] culSk Ijli . & / ^ui 10 x 2 . 9 Lulfi 

J>*UJ^al dlj 5,>kill (jl^3 < ji*/ <ulli . 

<J»li£ Jajll ? 1 ,4 (| ijj 4 > I t . 4 SjJalli jitl 5 t j a il I (ju i^all 

. 4(3*11 

10xl.6a^VI^) 

uM La < joaJI I jji Jil j InViL <Lc*)V4 q «*“•■-■ - * <"**"_* R *^LS ^ »■■«■ (£jj& j tJw —NY 

lailjj 4jXiu jjJI L^j ^ li* J^lj <Uoii (j\ jlc. JLaJLI *Xlu 



9 SjJkll (jt jjuII ^4 JL*JU Ju^ 

« iX . 1 1 jlc £jjjlll 3 alwli* Q.fl-fc rti l| lifclj R li^Li > fruit Sj£ > ti/ii - \V 

S JLaJLI » Jjl!u jIajV ^li^liaowl 

liA <^JL* / u^^lOO^jVl ja. ^ JUil \ i 

UAjVl gvJauuj ^ic 4 j^Umll <? I'ti i til I <Li!i£ J-a^jl . (jLu<1 Ij i ii I j jii!U Jlall 

^ l^jl i H * UjLicL 

4 *— ■“ flUllL Cicjj . b ^ahjlaJfj a (^iakljll LAjIaJ t^LuibLJI £y* <^^44 1 — \ 0 

. » Jsj X<j(j_4iVl jk ij‘i% i*tl cmU^j a < r < b <JL_JalLI 

eM*^ (V i JM 1 

r > b ( iii ) a<r<b(ii)r<a(i) 

*_>* i » ulc. 1.^ i.i^j < JljiaVl ij^ji <it i<i ijjk L* — \*\ 

UJc 4 * (jfll jji £4 j JS £k1*4 jjl tjjJ * l>fll ui 0.008 Lf>Jai 

$ / tXjfj 10 x3 U*- (jiJ&l Jl*»0 *Oii Cijlj Ijj £»Ja4 I juk (jU 


£Vo 




A&mJI i iSUall i y&fi Hui jf&l I .ty^il 

* (3>^J 4^£>oia-u/ ^£ii / W 

g-E Lfjli t H Jla»u ^ ( x j ) L* ILii jjc q SjjJua <1% Uaic. 

J« . .t.ll Ji </i < Conservative <LUl -» « *>ill »!• . E . q ^LeF *jJ oaJ 
t— Mj-li V ( X2 ) <iaii ( X j ) 3 JaE £►* L* <iat*Jw Jju ^ ^jJUl ».lfj JjXjII 
. ^Lflilj ^IjiLVI ^yuJ^XI Jftii (1^0 • ?iifc Mill c.lr/,1 ^jjl jLuJJ ijlc 
<ia^)il ■ *11 *.l^j JE fji J>LII Ji*tiJl <iu <ltL jk V J+^JI UjW 

. UiEll^l U4I V L«> 

^j| 4 Li*. <0^3X1 <1^ iwll *X^3 JaXI JI^XjJU Ji-njl jJI £g"iUit l£j J^aJl 

^ I yj X m mall LmJL JjA* <‘i^i yiill <Ja£JL 1 J 1 A L j ,1 |^ll iJjAjj . tfjXl 

loA w i^ j4 iilJULI>i(dV/dx).L ? ul 

E = - 4^- (17-1) 

dx 

: j^L JaISuJI 4 


r dv ^> - * 

f’ E dx 



V (X 2 ) - V ( x, ) = - 

[ 1 E dx 

/x, 

— . 

f Id* 
/ q 


V <x 2 ) - V (x, ) = — (17-2) 

q 

(Ia <JLJI ijLX^Ij ( Xj )^IJ ( x j )(3»q Jtil J^juJLI 34 iiu& 

■ 1| aJI <JjLl« OJ&4J . jLAII »ImVI (ji J-uu 3> tv»MI iJ ic. *>^LI ^>itl <jl >!■>*"* 


iVV 



: SjjaaJI jjJc <LLij .lie. 


v (x) = 


■' i: 


E dx 


(17 - 3) 

J>* ) tfjL-MJ ( V ) OfaJI Skiaj 

: tj&i L«2k Jft(>ill JlaJJ isJtt Ski (jc 

fOfb^ / cHJ" = *-*>J 


J 1 * ufo 

J 1 * 

<Jb» 

J- Ui 


S J^jJI J1 a l mi J«^ tjj >L* / J4ji (jui* / (jHj-£ (jl ($1 

. UaaJI oVLaJLI jji JIaJ. 1 iJujiul 5 j*sLVI 

: (>->V)Jlli 

kia^jl E Oji t i <ifc ( <tij 3 aliTi > iti J«fkj j-u£ 

9 qUuJ) ujc ljL« ti^aJI jl j«jL < <LL2 j ^t juc j|.tJ I 

: JaJI 

(£JJwuJtl Ijlc. jlLh it i*l I ^ la mil (jl (jjkjAj 

JLulSjjUJI j>i E o ^**£11 JLjJtlSkUi. XY 
JLaJLI <a1^) gkuJI j6 t Z JjuJI iJ^lt V 
. z *LauI ^ (jjLJll 

I tiiA Vq ^LJI jk ILL joe j+aJI 






: ^ii*kiUI jjJ P jj c. V j^&JI 


V - v 0 = - j E z dz 

••• V = - E 0 z (17 - 4) 

. (j ffc jg l I (j jhi il I (jt .AJuII ^4 LjJ^L i.n wlujj <11 aJI jl igi 

: (Y-> V) JUu 

4 

jjimjj / <L^i 10 X 2 Li hi Jji < 4 j -fc 1 1 > 4 nJ ^j^ll JLaJLI 

j t'tf l • Ij-J-* 50 jfjJLw u*»ji I {da, u* . U L» . ^,-lftl 

S IvfiJI C44& JUJU 
: JaJI 
: 3LLJI tfuJU 

V p = - E 0 z = - 2 x 10 4 x 50 = - 10 6 volt 

2400 * 'o kV o * * * tfd dl • f““ 2 ULuu 1*| *m J« *nj jljjlyu 

Jl^uuVl J^lll JiC (jl^ LM jj* I JLJJ < jX>j£JI *<1a.U jli • a li.ull 4 it.iqjj Lj JL)ji 

S £>UI ^1 J-iaJ 

: JaJI 

E = V/d 
= 2400 / 0.02 

= 1.2 x 10 5 V/m 
F = e E 

= 1.6 x 10’ 19 x 1.2 x 10 5 
= 1.92 x 10* 14 N 

. <&&ll ^Jc <^ji n>4 kjill <1 » t*i e<Ua1I 


m 



a = 


m 


1.6 x 10 19 x 1.2 x 10 5 
9.1 x ur 31 

= 0.211 x 10 17 m/s 2 

: jj-lnju ££a^Jl! fUM 2 L »« * £-lai ^»j 

S = I a t 2 
2 

t = = 1-38 x 10' 9 Seconds 

: kaJA Qr0 ^\ . 14 * 11 -T/W 

| Y — \V JtA J i b , a jlji«j + cj '“ll jc ijljAu B ,A jfic I 

• Cy» Ja^ ,jJt (jbuj LgliaUI <ji VjI 

: jjji <la^Ju]| jjc x iinu JaAk uit <Lii ^1 -Lie. JLJLI SjuJu 

E = _i 9. 


4 rc e 0 X' 


V ( X ) = ( E dx = ( — - 

' ' 4 7C 1 

■. v ( x ) = — ! — -9. 


4jte r 


: JM <kii f/\ -UA JfJI 

dx 


(17 - 5) 

. ja A , B cglkiiqu afJI j 



( c-\v> 


IA. 



I b 


V ( a) - V ( b ) = 


4ne n x 2 


dx 


V _ q /i n 

V AB= T" 

4 7t \ a ^ J 


(17 - 6) 


a (jJc b - V L* (ji B <J*UI cjuL^ I jf <j| 

: j4j A 


V A - 


4 7c e 0 a 


U A jJI .till ^j^ll dfajl A <kiill 

i q q' 

4 7t £ n a 


u A = q' v A = 


(17-7) 


:(t-W) J\l» 


-10 


• 10x0.53 <iLu*« i 5j j jji » i^ii I ijc. i d*aj 

S Jfkj* L^j« <Liiil »jjk OfaJI Oa^ji 

: JaJI 


-19 


04 -fJI « fjljZ 10 x 1.6 

: jJk <ia4ll tili (jt ^uiLII 

1 q _ 1.6 x IQ' 19 


V = 


4jie n x 4 tc e n x 5.53 x 10' 10 


= 27 Volts 


-19 

lOx-1.6 = e : ^ /nu Sliy I <iaai 

-18 

• JU* 10 x- 4.3 :>_a 


M\ 



*j_» & Jj^ll o[ ‘*‘. t (jj^Z^lVL <jjjll (jj SjLc ,lf.,^J I 

jlc 1 f jki'Kj ^itl <JLkJI IfjLj Ja^Aj . Ij^ 

. JjJj -Uji ftj-ii J+a. ,Jji 

: dlS ,^Jcj 

-19 

. JjAi 10 X 1.6 = J3b I J Ja(jA /) S I 

: ( Zero potential ) (jijSU ^jLaJl IfaJI — T / W 
(j I ($\ < LajIj <jj&£ |> ««i ^ j^JI JLaJLI (jl 1 >Ajl 

J^lj Ui'ill a-ji (j I Ijj^J . IjXbA (Jo^aj-II iJ^lj (^uialj \ {£J i, If .i^J I jji 

oL* dliJ > Jo^j-4 o®jVl (31 l«4j • (jjj^ill xf_aJI t^uii LfJ <jj^£ 

^1 m^Vl oLtlju jV <l« u'JL (JjLii . xfaJI (_>oAj LfJ (3 j&j if aLui ^jLc. Jfti'JI ~y 
"'**■■■■ jfi ^llu 3^-* 1 000 J^J I ^Uijl : JLuj ^Jkui (^J| L.f I 1 1 u^J (jajV I ^ic 
^litA (3 # l ji < IjiLbA (jAjVl JfA J.JOJU L Sjlcj^J^fUl if. ^11 JjuL illjSk j^kJI 

■ 4 j ■ 1 t f _ ‘i u jjj-ic < iiil j ^ La j f oj^i (^bjV Lj Ju^JLi (^Zkl I ^ii.iit ^Vl 

. earthed 


:( Equipotential Surfaces ).tyaj| f^jLuu £j]&ui — l/W 



JLa^* tfi ,ji ja .1 j^ll (jli. (> XfaJI 

if ii ^» L hjI> i (3&L»I Luli Jla^j < jjjjfi 


> ■% t i ■«- i~“- i * i . 4.1 IjLi , J_f_aj| <]|j 


Lftjjc. (3>i» (J^llj - (jJj-fill JLaJ.1 Jji Joliil viLfc 

^jLuia ^kuij I jjl >„i h — 6 J-^lj „1 f nJ l<JljWi 
ihj-aJi (jjJfA. tU JA..1.II 4*li,U-i ■ JL_f— aJI 


1AX 


ir-mjCz 




u-w) jsu; 


j( j I <J I i J I II IjjLuM 4 Jilf Ctl 

qj£-i < .I ^ fclt ^L» m jjJc. *?‘> ~fc 1*11 <5kj«ab 

J« .i t jl J i jl JLaJll >t ^~ll jjJc <J^4X Lulj 
<-ajGLII <jjjljll i jJk 6 t^jbkab < COS 0=0) Iji irt 
( 3‘n> ihII (jM 

^3 -iJI Ja> U^ j >1 ( ^ >1 % ~i n i ’ tj 

JL^t <J(a jjij < ,if -*JI ^jLuuj £jJaxu £4 iujfSJI 
| J^ <M <B fJc it|^J I (fjLui fjj Ski 4 _> 1ft It 4*>~k iti 


<11^ iji oij j . l i. a, • J£iA ^jJc. ^LmJI 6 1a ( 't t £< « < q <la^l 

^jLm 3 £4 6 X4 1 « « LkSlj frill (jj < <? ft Uu 4 <( i-K.itii «»■ • " - Ml 4 



ur 



ifrlil mil j) jt t *>f I dlJjjj tjj i i* imII ()|U / ULJll Li t jl( 

oULJLlou>i!tilla4 4^45/ u ll 3 jmJU< lj^SjAj£r 2 , 

F 1 = r 2 = f 

■j* r 2 ’ r i Jd^uAw 
r 2 - r, = ^ cos 0 

P tlkif iju l^ljll ji 6 iiuk 

: wu)SlLji P 3 Li *11 

Q 4 COS 0 


V = 


4 ice. 


(17 - 9) 


{£j Oil i mil ^gk Q 3i rfc i ul) ujjJi J ij ifc <j!L P oJalll 

: (jl (fl < 


P = /Q 


V = 


P cos 0 
4 n e n r 2 


(17 - 10) 

P Jk. •4aJI,jj£j»illj W 

(17-11) 


itn ffc S \ .*1, <1 "ill oLjjlj-fcVlf J fc 1 m*i P ■**»*^jj 


r = x + y‘ + z* 


cos 0 = 


( x 2 + y 2 + z 2 ) 2 

: ^ J4^l ojLi 


V = 


4 7C e, 


(17 - 12) 


° (x 2 +y 2 + z 2 ) 2 

: ^ z, y, xciUUSVI^JUIloLi^aA 



E x 



av 

3y 



av 
a z 


(17 - 13) 


. La itJil iAUiII j| JmoLjj 


: ^laL CiUaJu UllaJI-l/W 

Jlj ^jl*mii * £ljiJI <luu (J« iB oUrnill fjA 4 jLfhaJ 04C 

• u ** * J l ( jlc. ujL j& o La-ill 4 Ik jl IjJ < JJLill fyk £jg u* jjJ Jjj 

, ctlitfc i*H J>4 1 1 4 J 4 J J^jaJI UUu «il)j (JamJ i l L oll 11 jj 

Oj2u J^ill ^*i>ll I/* ?iU»ll jSk>HJ « <jlj Jlall (ji UUall 4 jjl 

UL^ ji <UIj <UVja ^Ijill ijX ULUI i—ijjum < Ijii^ Jl^JLI Sxi 1 1 j * 

. tiUJI 

^Jj jLill y4j till jl < UUall ^ jjjJ <| »*■! • oVLil c*jL£ U^j 

• SjUI oVLaki L 3Jl» lT-j LjL L<m^ 4^LIc.U JLJLI 
: { jJk r 3iL*« q j , q 2 yLia»*il ^jiSJI J^aJI <SUa 

u = — L_ iiii 

4ite 0 r 

£yk q t ?*>!> ttill jl irt»V « <JjU fj^UI Lfil (jJfc ULJI 4 jjl 

£{U<ttjLx!L* UUail 4 i 14 j • q 2 till £►« (p-« r Jju jjl mil 3 jL|J V L» 

I a q t ^'»- *1 ‘^1 UiU\ faj Sb tillj « Ltf'nt ^ till 

: ^ j q, V, ^ Vj 

u = T q ‘ v ' + 1 q ’ v ’ + T < b v 3 + - 

= I 1 q V 


i A© 


(17 - 14) 



: JV* yujt *ilSS-Y/W 

ii-uo<u*^ Uki jjJfe L^ViL <L fc*>w » Q <iai ^>c j^^iiLj JLa—» <ULa |ji — Vjl 

. R * jlcU t i i < <■> ! <£j£ 

: jA qU<hII jucSjSJI , i^-a. 

1 n 

V = — — 


4 TC Er 


R 


: ^ S Jill JLjJ. <^L-oII ttlUl 03^ ( 17 -14 ) «aUll f loilu.1^ 


R ■ T QV 


1 


U = yQ 

"0 


4 71 8f 


Q = 

R 


1 


.Q 2 

IT 


I t tel t 




E = — = 


£n A 


8 7 c e 0 * (17 - 15) 

(j^Lukj (jLjjju* (jLa^jl <]L*. ^ — Lu(2 
(\V\V) JfcAJI^iUS’. ±Q 
^LuuCfra^lcgj E^jj^I JLmJLI 
Q- ,}j » ^^1 JLji LjjJu 

JLall i J-Ju « L» jjJj J, V A JLJJ 

: <JjUIL ^Jox^j <Ijtj 

(17 - 16) 


.t^.^il > CVA Alt ,jJk G • ^JJI <-h I m« Adi, 

: jACp^III LfiJ 

V - V = - E d = - 

2 ' e 0 A (17-17) 

. ( N «■ W Jli* jlajl ) £jU Jjull d i->_LTfc 

: (j 1 <1LUI <jj£i (17 _ 17 ) « (17 - 14 ) cH3 


£A*\ 



u = i Q (V, -v 2 ) 

= 1 Q 2(i = 1 

2 e 0 A 2 


e o 



A d 


J n~> i < jic IT ^kk uiui (^ » ^ *-11 j * A . d<j£J 

• JL^ll iiUa i jAj U <2lLII <ili£ (J ic 

u = J e 0 E 2 (17 - 18) 

J^lSu L|_iu JLv* ji <JiUaJI <jc L^-iLj j>i ullI tillj ( _ r lc 

• <1)1 tfl 4 *2" ^0 jljLdl 

U = I I £ 0 B? d v (17 - 19) 

■ JM-I * L ?0i Jtljil fcf** ^Jc jIajj 


: (o-W) Jlli 

lilijS^j <iUo <1 JUili dll jJ < iAVJ Hjjliil IMj <E2i iiLLil (j| i_4 <y«i. 1 {j* 

6 

/ 10X2 (yjl-**fc» JUJll *_>_>•* 1 u< IL« ^ji 3ii£lf <i(j£ aa^jl . <fc£ 

* j" 

: J*II 

: U <SLUI Vjl -Li^j 

u = y e 0 E 2 = J e 0 x ( 2 x 10 6 ) 2 = 18 J / m 3 

ULiU i jJiHI <i^ll <JlA£ ^ . cgl/atjV <ilk)lj<i^il jjl£ (jjjLi ^IaaJLujL 

<cjm C ■*■■;- ( U / C*" ollall 

.-. — = = 2 x 10' 16 Kg/m 3 

C 2 (3xl0 8 ) 2 


1AV 



: ^uJI-A/W 

jj& I jl uJjjSZ (j* i^&JLy « <1 > I^j <ij^^tl 3 > ■* i til I (jj^J wij£LI 

J* C?H^ o* jAj • ^l>lVl jj i_i5itl <*1^1 Jflu-uj(3 . Lj>f£ u>J& 

T 

. Ijl* d <iluM I *|“* Jirtijj JL A JS I ?*1ih4 

£j£J I iti ±jc R U _>Li i . k < rfi ‘i <1 <*>-*-* 4 jut ■ « *j£ < *t j M jjlc. 1 i^» Vjl j > 1 » t 


V = 


1 


4tce 0 


Ujf3i jjirtj Q 2 ■* •*»» 

(17 - 20) 


(jj i n~|j < *| -^>1 LiJjia Lt mlal £j$JI ^Jc. Aij “ill 1 <?* -- All 4 l »£ (jl 

■ ^Kiii jjli 1 <l| * (ft ijlc. Ajctlil tii 

: £ ji mll jk uwlilll 11 a < 4 ^ «jj 

Q = c v (17-21) 

£j£ll it L* ujk i ^L^^aII <u*£ll <■ « .., .JL y >.i .ijj.^ifaulxlll cuL,jjk C 

• Ljlti £jLjj jljj? £j$JI Lm (jl (f \ < 4 it £q R 

olj^j£jl& F jljUll ^ OuJI i±a>j 

( 10 ) tr* o* 


pF>jlL l4J> Ji3 ( 10 ) 

1 pF = 10‘ 6 F 
1 pF = 10 12 F 


: (n-^V)JllA 



6 

? I ^10 X 6 .4 L*jJai > I <o*i UjLlcL UmII j^ji 

: JaJt 

C = 4 7t e 0 R 

= 4 x 8.85 x 10' 12 x 6.4 x 10 6 
= 7.1 x 10' 4 F 


*>** 


: SjjxaII < ^Jc < L t£ £ q cuOI <j1 <isLk^U uJLLlI 

e 0 = 8.85 x 10 12 — — 

N m 2 

= 8.85 x 10‘ 12 Farad / meter 
lA*« / ( ) 1 = M>* / j\>l£ 1 = 1 


-wjjCL 


: £>* t i^4 4 ju* - A / ^ V 

2\~. i . : 2 : i ± lMz J < U .. A ~ A. R 2 , R ] 

4 >** i4i ^*i <*^">.1 . jajVL <xa»jLaJl *j£JI Q 

■ i . Uiu <\-*. i u 2j£ll — Q OjjjIj 

(V- W)J_£^ 

*jIxJmj OjjuQll l |Vt • >> *» fje. JjVl a3^i 5j£ll j+a. 



*jtt * jUl.tlllj<ll? , .<. ■*■£/• j__ahVI i 4 7t £ 0 Q/R 2 
Ji<i T> l_fj| jl < I j _i_K» (^)li <n_i 4 j -^jLaJI 2 j£JI J( \ ^jl . 4 7t £ q Q / R 2 

(<j AjVL 

<j«- J^-uiLi LbAjI ojiljti « 2j£II Xf-a. L«l 

llilj *1^.11 I jjk < ^AbjlaJI 2 j£ 1I ^Jc < Will I (jc *y_Julj 1| V>1k«M 


£A^ 



SjSUI A j y uJ&± tillj jjixj . gtifeuJI jle. 


V = 


1 


1 


4 k e 


C = 4 7C£r 


< 2 j£JI JaJj Jaijll £.t ,a y u* 

^Vlli IJI 

Q_ 

o/ \ 4 7c e 0 / ^2 (17-22) 

C = Q /Vu^I<ju-o$J 

R , R. 


R 2 - Ri 


Q 



(17 - 23) 

^ i ■ -~ ~ j iyi-*n 5jili citl ^ 1 j] Lii 

(jl (JAJ-Lj 4 J ft I rt U±| ■ > jjl 

tjil Q 1 1 SjjSJII <j-» i t>ll 

Sjiil yjt Q * !*>*> i» n 1I (1)4 jljJttl 

<lulll I (jV < <4A>jUJI 

<aL jl < feia.UI tj^lL l|£ ^ 4 ] V 4 li 


jji felaJall Sj&II . ( A — \V ) J£i£ J^l all ^1 1 | >A«jj £jUJI 


0 = 


1 


1 


4 Jt e f 


_2_ 

4jce 0 


Q v = - Q 


R, 


V = 


Q v 


4 7ce 0 


4 Jt e 0 


(17 - 24) 

(17 - 25) 


: ^ ilLJl »i* yi ufisil feu. a# (17 - 25) « (17 - 24) 


R' 


Ri R 2 


C=4 * £ ° TvV =4,t£ ° RTt + 4,te ^ (17-26) 

. (jajVL fel^fjll Sj&ll >lk (jj£t fenJl (jl |ukl|) 



: jJ LiiluJI— 

cg^jl (j-» i^jljj 4 jjljjli 'ji ijJ&i LjljZlI ^IjJVl jj ufiSHI ^jAJLuu 

ij* ^ * — Q ^ Jjlt I— | m Jirfiij £gjLu*o» 

. ( ^ W)JSLlll 



e 


<a«L^JI (17 - 23) j. i » ..I . t . 1 1 jjt <ium ^LuiuJ J| mil 


C = 47te f 


^1 ^2 
R 2 - Rj 


<il in* II I c*jl£ Rj , R 2 jLLai j i irfti I UiAjji Ijl 
1— » I*-.* ^ ***^ ulj j LjjjJlI Rj R 2 = R 2 ji jl.^^fcl ij**** l •» < u 4 R 2 - Rj 

: jjj£S *illj jj— . R 2 ■ Rj = d 

4 7U £ 0 R 2 

A (17 - 27) 


C = 


ty 

>x^^J ^ fc»»iiJ I ijIa J j ^ **■ * 4 7t R *j£JI i u ? I m« oumJI tii ijj 




C = 


l\\ 


d 


(17 - 28) 



££^>1 lj A I »{i* ^TiUm 3 >Iim * t jLj( > >i* tjUji LLjljjlSk lali 

: i jJk > ffitl look < « .i i) ,‘i^j ijjujljiL* 


c = 


e n A 


d (17 - 29) 

: JL IS <Lj]aj fl.iVw.L ££^111 Uw ^IHLujI 

: <-i&M {J ajl C>jj JLadl SOoi 

a _ Q 


E = 


e 0 A 


:>»(^>1II OfaJI J> 


V = E d = -2-1 

£n A 


C = Q / V = 


: yA <l*a4jl JjjSu <a1cj 


(Qd/e 0 A ) 


C = 


e n A 


<UjLc SjL*j Qchjlll <j£i Sl.1 « I lal L»l . ^Ij_ill ? _l -h 1 * m {J jk £ 0 <iti> 

: <11^11 »ajk iji • — * * »*^' I Uni <jU £ *■•• 

£ A 


C = 


(17 - 30) 


: J>li CijQj Jjb*ll-«/W 

i 1 ■ «n yk laLajl i foL.iL iljLt Sal—* ajc 

* OJft Hj < I y SjLj Jjc ££j y*j+S jLj+il £4jOd» Jl *1^1 <<^jj^1I 

J^flUJI Jtt^jll (jlj^ O l*4jlf. 4*»>tJI 3il5£ < ^Ljljl* (jl^>l <1 Uj^d» j^u SjjkLLII 



uirrnniiinmii IIIUZU1 


V 

*y 

>r 

3 




a 


© 


© 


© 

© 


© 


© 


a 


© 


igo <ijtc ijL » I^^JI I » | '^‘ 

> E JUJU * £ 6 -* 0 l 
L ^ I,* Ljlx-4 »jLLI ui cil hj. a^jciljj 
^a\ a -k i Ljjj»4_i LL UL . 'i iJ 

vj- 4 ^ lm yj “ » * “ » * <c *b^ 


** + ♦+ ♦♦♦♦ 

UltliJJ Z 


U I ml ) i n / mu. 

(V-W)j£& 


t 

► 4 

t 

\ t 

► 

♦ ♦ 

♦ ♦ 

♦ ♦ 

♦ ♦ 

] 

t 

t 

t 

t 


r ■*■ + * ♦ — * +~± 



<jM-» L*£ - ‘ t>s c*LuLj till j jjx. 1 ‘“**jj 

. ( \ . - \V ) J£iJU 
(jj£> ClLiliiil tii 4j%\j u 6 ^ •“'“ 

Cj^UI <y * dj^l c^*"* ir^ 

It gill ^jn^> » ILj^J < «JLu* Hl^wi )*i * *■ 

JjluJI gL» jjXt iJLu 
^jiil i\>Ll (jiiu (^ilj till j . i-> j|^i ll 

qLi <» jjJc 3-JL.J I pi LA 4 all Juc 3 Jttj | <H 

Cll^j . ( N N - W ) Ji-J I ^ I I 

iljbll SaUI Jib ^j^ll ulill fcIS aj£ 

a& a ‘ * *1 *11 Jl-^tl 3 1 ■*» m • yji 4 t >\5>U Jib (j.U ill JLail iSmtSt a^HJ 
lyxLui jic, tjuill ciLkiiJI a* j i * 1^1 1 (a ^L«JLI JUilj 4 t^*ll cilUvIl 

JjLJI cull Jlki3 1 *lj LJI SjUI l^ja JUJtl SXii ^ . JjLJI 

SjlII Jh Laic < ^>*£11 JLJtl ,ji £»aUI (jliill ^ui ^ dielectric constant K 

. i.ilKJU ( _ r a^l (jM * bfll Jau <JjLJI 

CuLj* bjj^lj^Jl i |W*U SjaII Clllaniall ac JL^JLI ^ 5 Jk £q LjJJci Ijli 


U-W)j£ 2 i 


t\r 



: tjli t 1*^1 1 C&i l4*^j <UjUI SjUI ijaktj JLaJLI ^jJk E 


E / E 0 = K 

( N W Jj Oab ) jljJll unl il JjftJI cu(j (jL Uf^3 • K > 


(17 - 31 ) 

1 (Jjlfcll Culi iiu » 


K J>ll ojIj 



L 0000 

1.00059 

16.5 

9.9 - 4.8 
6 - 5.7 
2.1 
4.22 

28.4 

56.2 

81.1 


V 

f 20 <ai )4 * ( 5 P > -L«dua ) 


cW * 

dfriUll 


Jilj C£i J La-1 1 « i-i&U C£i JjL-*JI 

: ^Xbd^j < K <a»Oi‘JI ijuiX j ££a^jill J+aJI ,jt i ( «^>l JjL < JjUdf 

AV ={AV 0 

<ju« Jlit jljjjji <ljljJI ijltl wli£ <lla 4^a)l J)4 jA A Vgiiua 

#iJa 4ic yJk C < * (jfJI iJ}j&II3jluj { jk Cq Cul£ I jit . 4 until ^ni’ii 

: JUjbdl SjUU C*} HJU 

C = Q /AV = K (QAV 0 ) = K C 0 
.*. K = C / C 0 


(17 - 32 ) 




: is* Jj^l <JLuj <jj£i ell i tr lcj 

C = Ke 0 A/d = eA/d (17-33) 

i <1 < a'lll <i*u K JjjJI cuIj «_iyu eiljjj . JjUJI jjji K. Eg = 

> ^IjaII ^i&Uui J jIaII < “ > .i* i “ 


: (V-W)JIL. 

X 2r [^ 4 yj <JjLt ijl* 1 ^‘uj Jirtit j ( *y» (j ate*, Jl 1 h-i&L* 


30 cfrs^J^ t>u .l| Ol j^).. i j(j jliO.7 3 > I £jJ lakluu Cul^ I jL-Ji . jl« 10 

^ iLn i jlc. »JuJLll ?*>^i » nil (jjl L*j . ^1 J£ ij^JI 4 < >_> i J-a^jLi -Hj_i 

(K = 2.3 ) : <jjL_Ail Sjlll Jil j JU1I UJi ^ * Jjbdl 

: JaJI 


C = 



2.3 x 8.85 x IQ' 12 x 0.75 
2 x IQ' 5 


= 7.6 x 10* 7 F 


• zJ cr^" <ia-ill 

Q = CAV = 7.6 x 10' 7 x 30 = 2.3 x 10* 5 C 

: JjUJI ( jlt. Sjuill i til I 


Q = - 


K- 1 


Q = - £L± X 2.3 x 10 5 
K 0 2.3 


= - 1.3 x 10° C 


O 

-5 


E = 



J_ 

K 


: <ljUJI Sjlll JaJj JUJU So*l 
Qo 

Eg A 


t\o 



1 

2.3 


x 


2.3 x 10‘ 5 


= 1.5 x 10 6 V/ 


m 


8.85 x 10’ 12 x 0.75 
J*. ij^JI oLb^JLlI Jl Sjoill UlS J oLSIcJLLUo^} : IWiL. 


: <fcUJL uiSlt ^ 


(Q/A) = . (K_U 


a = 


1 -K 
K 


Q 


Q 3 


: <jl tfl 

°0 (17 - 34) 

jli d ^ * 1 *u £g^jill £j\j J 4 &JI Jamj V d l^*u(j 4 Jjl*ll *jIII cul£ 1 

: 3JLJI * jjft l ji I 4Uluj 

c - c o/( 1 -T (I ' K) ) (17-35) 

Q 1l . 

— jji c. oliXll <f>« ale 

Ij^Ij V J^aJI j j j tjj&j — ( NT — NV IS 

<c^*aJll ( jJc. 4_d£JI <t*» iMI (jjSqj < t ^(jll £{U 

• Q 1**^1 1 ijlc oli^wtl 4 jjLi.i f 

Q = Q, + Q 2 + Q 3 


NC 3 


N v <^ 

(st-w )<j£u. 


CV = C,V + C 2 V + CjV 


C = Cj + C 2 + C 3 
, CiLkj^ll <JLuJ( jjJk C ijij^ 

i-i ( NX — N V ) jsLuJi yi L *.5 ^(jJI j^lc, pi iXll ale L*l 
(jJt <-i fisl* J£ yJe OfaJI ,ji J^ill wifjli ,j£|j < ijjLui* ol W . M I 


Ml 



Vi V 2 V 3 


or-w)j£ 2 , 



: 0 1 I ' f\y**-* J-* v u^JI OfaJI 

V = Vi + v 2 + v 3 
.% q/C = q/Cj + q/C 2 + q/C 3 


1 


" C 



(17 - 36) 


• 4/1 *1^1 1 o..,JI > (j j£j a lirt *>I I oLiiill jjl (_jl 


^ tn iw j4 Jil <L»l£Jl I o.,,J I ^*i iSu < 3.^*^ 1 1 j]ll o 1 * 1 11 ciLn)^» « ^j« ^ * 

. yi > 


: OjaJU tj tfUsdl-ff/W 

^ 1 ^jl jLlfi) < JIJ J i ii il l £yk jliUu J-Llj Q 4 1111 1 Ii^a <% ilit 


JjaI J)-* ( ^lx* <i> 111 ) lM-a (jA Q 4 *i*t ititl (jx Jii ^j-la l jC. ( j-fc it JI 


.jLV\J\c^\ 

'. (JJ& C 1 I <Llxu Cul5£ I jlj . V jlj l«J yU >>4-Jl (jj J tilij (jt gAAJJ 

Q =CV 

l‘‘^‘ |“*|j ( lj« ■ ££a^UI {£* t^ll > * (jlS^j <‘i-> iMI Jij ■LlLaC IjIja LuV 


4 .J Aft oLaI > ti£ll £{U »>| fji Jou^>La (j_^SkJ ciJji 4 V >\| i^JI i A y i (jL_£j 

*| ^ 1 l A y l J)lft Q 4 *» iti Jill W I J ii lt I I ULljftl • “ V jJk 4 * t *^ i {J I JL 


IV/ 



: ~2 V 


w = Y Q V 
W = -i- Q 2 /C 

4 m 

W=yCV 2 (17-37) 

5jjjLaJ.I <LilLJ I - 37) <IjLiu* Jl*5j . Q = CV ^jV IjJaj iill^j 

. Sjlja» j jj jU* ^jjc. uil&ll £JjJj JjC <iUo)l 6 jjk Site. I I > , tVC 1 1 


<-iijak jia i^ysiiuiyi ^ij2— /w 

( Vande Graaf Generator ) 


tilt J lie ijil *> i L*-< < JK i I (JjjJa (jt Ojj | ^ Cil‘i^ i» ^ic. J^jiaaII 

Ua^ll .■»•(*>«- ■ “tlj ijiiLtill jlc 4alLuJI oLiawII j| U>* t ij^LaL ^la.jll £ja u^uaI 
j_.Yr.ll <JLjia ( jifc <jjj^£ 1 I ‘*.t | jj • *«• “t 4*ijl -hi I ^jj Jall 1«~.«"(J , ^Lafcjll - » ^lc. 

. curnjk 3J1 

< SjiiXll 4 «A <JI * Uj S ^YY ^Lc tJlj-i. j (jLi ^1 Lit ...I 

• jlijJI iii_.ii it. (ju£l OulLi j-^jj (ji <ilti£j t ijill Sljj4 <Lk^LiJI I (jj 1 1 ^ Linfc.l. .iV 


. ifjji CthpG 10^4 (jl] 3IVI *i* 4 -fcjTi 4 $ jll J+»JI jj» J-^a4 

^Irm.lL (jj -fc M. * (juJ^lj lit <4 1 u_|c c_*lj_». (jLi lJj-4 *j$Li .1 a". «*(j 

jjJI ii >K Jl . >4 — <iahjlull (jl— 4 J^wi ^ic. .(j — j^I < ^jJ^llil 

5 jLj ^ j. U" lj » *. Lit (ji , *.1 1 ■> ^Ljjjl (jL^ 1 * | a • Jj-a>^ll ^^AijUJI U...II 

' U+N 1/ LT^-H^ tdJ-* 3 lA>** 4 *44 tf*^ *4-?“ <ia— ill 

. JouaJll 

< iJiLljll {jA S ijii^ 3 j4.UU* 5j£ jjj ( N i — W ) Jg^t l J^jll v_J^J4J 


£AA 




(j1.Iu.mI SjJkjll Cl 1*1 Mill JUCL Sjljjj jl^JI JijLuU jlc 

Ti A 0 SLoij-* do* S Sj£Ji (Jablj ,jltl L j Utj * < A t SLijiJI 

. SjSlL Lu^ 

jik j I j A~i i m U j S ij£U (j^a>jliJI ^IftMiJI ^jJl 4 *i~fc Mill aLmmj^II * JUt JgJklil 

Ijt.lf ..t> ^ Lilli jjjjj jlll * jSJI gt__Lui (jjfe <ua^jJll <ia_Mull ^£ljiJj (Jii J >1 1 <ii i ^Ij^JI 

, ciUa|^ill (jJf yji^j Ijoj£ Icliijl 

: (A-W)Jli. 

< 14 >i 100<*iljil <yi jXu»*i jljlijjlix* 2 * 4 (jliii* 

Aluwll i^jl i 1 *| "**.‘.‘M!*^tl -*"11. tljLVl •-■!■ ■*, n i /it ^1 iA > 

• ij^« J£ ^Jt fulfill 





: JaJt 


J_ - 1 1 

C “ 4 + 2 
C = 4/3 \i F 

C <jluJI i iKII ^Ja. ^'l-Vlull (£jLuU > ?‘|-> ■ till 

4 

Q = CV = j x 100 micro coulomb 

J-la-J • V J-fjaJI j!j-i j j .i A i Joo4^j4 Joe <j] (jAjJki 

. HjuIj <jJ$J I 

. > i tX « jk 3 >*k i?JI » ^jLuu Q 0 ^iKlUw.t.ll 

Q 0 = 2Q = M 

. V Jj. a^jJI 0'S Uk> 

Q o = 4 V + 2 V 

■mw 400 .. . 

.\ V = — — - Volt. 

7 

Tj~ = 4 x — = JW _ai^iai 1/ k< - . -. , t . i i 

= 2 x i52.= Ji i^llJS£ll>?^JJI 


0 * . 



4^jLlu4 

<A Xa»i«l ■ QjLj J l . ^fc « ,ji )it 9 dAJ £yk (‘t &JUU <J1a ^t-4 11 1 ..II — N 

-10 

9 (jM j jjJ I (V ji* 10 X 0.53 ou jJ& jjl; Lak jj^tvi 

<?‘t"h iii <_j jiej Cil.i \) 4* 3 UjlilS « mi I Jit '*'» f t tt 6 ** ■ •• - i_» I — Y 

9 JfaJI lijit ^Jtii jill Jiiitl Ctlja^-4 Ujljli 

II J^-aJI J^jl . I ^ «*> •> JiLlj ^UaliL <t ]p Q <>>.t R LijJai ■ * •■*» ijSk — V 
9 5j£ll j$j* <liLJLI £-» JkfaJI j 4«2 L^ i J ^j . ij£JI Jil J 
JLaJU . R LijJaJi i iiiti UU Inj > * ( ^Jc ^Ualili 3xjj_« Q <juj^. i *i — t 

9 U £ yk (jc Z <iLu« jajj <IaJu ,Uc <a 1^J I > w ^» (jJt I 

Ulj Ui i.iiA» < UVili <*i n »tjl 1 1 jig ^\tS ^ 3 _ulj^i)i Sjj Sl^j j t 1c I — o 

-15 

tf jjll jj-iII LJc i il>JI ULUI J^l . Ip_* 10 X 7.4 

992^1^ 

jjj* j < Lill ol tj <»fj. •G^Lj ijLtx. C ^ w j^J I *jj Jljj (jl j tit I — *\ 

-15 

lljiil <_uj$£JI <iLLJI ■ l^x* 10 X 3 . £^LwaVf 1 »1 * £iTL« 

9 ^_‘^** till (ji jLlcI < iajjj ^*i « L 

• ji-*/ JaJji 10 X 3.4 J* a^Luftj Sjj t Iji ^ I n ■ u .Uc. JLaJ.1 - V 

9 JULI l^^uLUl <iL^ 

U* (/j aI jjJj <Iaii Lfliil l 1»^> 9 * *J-* ^Uut Lfl f>L> H i 1 * i ti t I — A 

9 JoJ>» 45 qukilJI cju 0 +aJI jjli Ut . JL?-» 

< jLk / Ja]ji lOO^A j^jVl Utti jit ( dV / dx ) i.t| >11 JU U i ^j| ^Le. Ijj — ^ 
qK. iltill JLail l.il <.ij i ill Ij jV I ^ Inm ?i*k iiill < (Jit til ^Jl <^j^j 


o • N 



tjL Lie. » o^jVl iiaLull £jj Xa^jL i Jclj^all #LjI ^JjiUI 

9 lji*10 X 6.37(j«jVl JaiuLoi 

? ^ui 20 L^laJl i lull * U <*> *-> Lt.U * ij$ < * . m Ja^jl — N • 

« 

•"' l * 'xj • * Ij-fJI ^ * | » Jm ijj a , b 1 > ijjlai >.i<o* j^ aJLI Li j ii~i i (jLiiljLuJ — N N 
. ( Jl^ioVl 6.1 a^l Q ) <La»jlaJI yle. <ii*6 mi Ci > i jj (jAjVL 4 j-vjILJI <iljJaxuVI 
^2jce 0 /ln(b/a) : ^ JI^LVI 

SjLjJI jljJLk Xa^jl ■ ,ji L Eb }_L>-* ^-u« 25 LjJLi i .L ai M .■>*>. t »■> iji —NX 

* 1 5 1 L^iaJ < (JajVL ■* I ■-*•■'* *■ «* j* *« * SjSLj JaLaa Ljje L^-*I » i« 

.^1^4X6 

9 « IjJI 1 am JjjJL Ljkic : Vjl 
** 36 JjjJI culj ijj Jmij Ljuc : Lila 

^ | >1 1 <-iss>l £>u LluJJ . ^I^ill (ji {\y~oy* ^Ijll jj uilSL - NX 

. H^OOOLfiu 
9 ega'jill e£J JLaJL I 6 JoJu Aa^jl — N 
C£i u* Jl-a-ll ^^ c ■ uAj-*-*- *Lajl iji oUj_>i»iJyi tja jLu I j] — X 

(ji olljuj^jy I jLul« uj&t L4j < ol^H^JV 1 6 jjk ^jLui lUf Aa^ji < (jjjAjUl 

jljli jjSua2 ^a|j t Jaj^l 100^1 ^*i*fv ‘m * 1 i ii v — N i 

v-^a^l J*®1» <jj boll >Lc^ i 1*4*200 ifaJ 

9 ^ 1*1 lr*l I jjj f jyL4 Lll^lilj <uljiuVI oLLJI 

-3 r 

ji» JO <*Lua LfLoijj ^ 0.4 er* tfjbL* > **1^1 1 <ji ^>11) LLu - No 
l)LL Ij4 < 2.3 Oala JjLu ego^jiil £jjLll # ( _ r L I jLi < 1 a | in « i (je 
<jj!aJU Lj^JI oUaJI . H31IOO <A*f jll 44* 4 ln< ul^ 


0 • X 



S djUJI SjLLI JLaJLI . OSSil 

6 jLa ^_y» £_$! ( jlc. < d I Of tj» dXjjlj A £jUI <aL»U 4 ^jl^JL* t, 1^4 — \*\ 

: oa^jl AV Cj^i J>f^l u* X Jjdl cwlSjjl^j . ( d / 2 )<£•*« iljlc, 

JM 1 ' 

S<JjUil5jUI jLh JLaJLI 5xi- X 

S JjlaJI ^jJil gblekuj ( jic. mJI <i — V 

Cil *iv 1 * ,j I ijill J * < 3 d JjjJI Culi Cjjj ijM ll j »r (_j I — Jj£ — N V 

I * |‘ » _u < i l. n Jil C*il£ f jLi 1 (j-Lt 10 X 3 • 10 X 2 

V J£ (j Jt SjHylf $j2JI /i|£j I jL*i . Iji« 0.6 




jMkC. 

( Ohm's Law ) 


3 > J ~ ‘ * > < <^U>4^ 5j lj-fcli Ait-fci iji iS * • >‘|li at |'u *k iti < v » jjJIjJb J; --j* jit 

(ji <iaoiJI cS jau I jli . Ijl* La^JjLm^j LJLJIj <^jII oLIa^LII Jl£uV 


JiUUJ _jUJI 6 Jum 4 i~- .*.11 jjluil (JLUa 6 Hv k j *“ ■ ■■ ‘ i Luj^ik IjLu Cl^ 

o lt.-fc iti ll ^yjk f JLa. JJc Jc. * jU Cu Ju«^jJLI h k 

j(>U JU-» _>jjG ckJ JjaU J\ o^i < i>aJI 

, SjaII Cj 1 ‘i> I till * jjk ^yk Lk JJjd (JL^j £ l^j| 

Ujj.ua *Mj < (jaUdljoljlilL^ <Lc<jk jIjk — Vjl 

olitM^lVI 1 1 ‘t** < cjL^jjV I (j* Sjj 4 , i 4 >j jj-k <^y^k fjic. Drude <uid Lorentz 
SjUI ^ hi ^ JUl j l uJl ^jl£Lt {j-* <b,| mi Ji " 1 * 1*1 j)l OlAjj_aJ »j j 

Ui /*K u 1 4 v-*a»»Ii uajUII Jt 4 t » < <JLui Ci U-fc i » (j-A» < o Ut K ^iV I 



<£ j^JI »Ia gc 1 .aV^j < drift velocity j U.urt I <cj^ <c aUjjlSiyi ^ j* 

• jU U*d>“ 

jUil <ujjaJI <£jaJI jLjjiiVI >. tliiw 

^j^SLII JUJU ixJu (jJc. J$t\ j. alkl i >‘u i > < Jk^JLI ^ 
c«jL 2 Ujj^ ol^JV I , <LulAI I jkAjuV 

^ yAj J 1 *• tfl if* Ji* 

<jjUik o Ujj Sayi SjaJ <jJjVI <I*a*w m i\j$j UjI^j ^ \— NA ^ U£ <Alj.M>f 

) *J oySa olAj_>aSJ}iU <jJuj^J i <£j^uJI < (Jjj_«-k t/ Uj tf J-» (j-i j ■* « ^> 11 

6 

1 ■■■ I i ii Ul ^(j_kVl Oijdui £y* uj jly • | CuL / jjj> 1. 0 



0 • 0 


< <UiLjJI Ciljla-uluJLi l|l*U < <Lii Ujuij Jj£li JU-» ^ objJl^hjU 

> (jji 3 £>jJI *1a I j j i 4<r> i-JUJI ctt ix uiJi 

■ ol^lill 

ait SjluL * o U*>> j£iy I If it (jj-HJ : f ulL>*j |« ^ < ^1> uJI£ <jx« alj»« — l^ilj 

^ *j|^ ^ J“-«[j*‘ll ^ ‘I »* yJ ifkjUtJUj jjaatl Lf^Jj < <iAi^ill frjlj^kjl CiUijJ 

6 jjk jjjii , {jjljaJI <iUaJ I (j-» <2 Lia y^ V I J >1 1 ujj « SjljfJI *UjJ L»aic. 

oLa.jjII jIc. <UjLc. | j^ Ltiu « ^_a_ijjll oLajJI (yi *Lj_f£ll Sa j ^ jljll 

<_t_lc. culi ^all ^LuiVl (jjii Lfil aj < ^ * _■ ^ _■ * * 1 a!>U 6 ju|4j oUiUlJU 

jj~ _ji]l j^clx. « juu Solid - state technology x«l>aJi<l>aaJI 1 .-^^<“11 

ui < SjluL * Lflljj o Ujj ^ll Iff * Jj£i U _> f £> <ljlc jl_^a — \ aJ\a 

>_Jq< CiLuljj IfieJa itij < If j< c<l Ui w ill «£jla>aJ j^tl I (jlj yj^f^ JLau 

L^l jL>fe ji t > JjM 1 1 > ^ jd ^ 1 (jJj 

. Jlj J4C 


: fjt OjilSj ^ 04 ^' 

jjjllj jUi (jJj 0I44 J^IVI Jt1Y> <jjUoj ( yi_)laj t*ll m J_i 1 rtjj ale. 

. t».lhjl JaUa ^Jfill J1 ^ «ll (jTj All J^Joa. jSkjjyj • t* Hi nil Jib 4 >a^>U JUJU 


Jib E JUJ.I S j-±i / <illi nil JjJa AV alUll jyijia £ju ,t| .-vJI JjJ (jli lali 


: yJi JLJI 


E = AV// 


( 18 - 1 ) 


dq <i u 1 M l {j* < .i/> Jl . < ylL_>f^ jLu o U« J ZSJy I JUJU I Jm i.niujj 


I = dq/dt 


jji jLUl dt (j4*J is* *dUJI £y* 


(18 - 2 ) 


0.1 



♦ 

■f 

♦ 

■f 

+ 

♦ 

■f 



(<-u) jCli 


1 1 1 V > J jj * V I ji jlxlll * J>Ju • t*lli nil (J^l J 4 I** mil j t JjX 4 

. SxJjll <uQll 

jUJ I k.i it 4 4 1 ii ij i i A jj I jLllI Cii jaj ^Jl iliLJI ^ *■ 4 1 . ■*■'■1^ Ijlj 

; <Lu-aL_)J I <JjLilLL <tjtull iiliill ^jlfc Jm-fc’i £_I»ill <a>lu*A ^jlfc 

J = dl / dA (18-3) 

tiilj < iMLrnll ^Jn2.t Joii J£ Sj^lj <^LUI <lilj£JI JjjSu J(3a.Vl < jA3 

• (18 - 3) 

J = I / A A/m 2 

U»i »Li^L J ~ij — ( Y — \ A ) JSuiJi ^ ^jVI j >*> ■ > 


■ <l=kl J *j»JI o U % 4 jilji nil i^jli itj i.* 1 1 ml I Ji.lj E JL^t 

IjkA n ijA liU m JI t>* SjLa^ ^ 5_>aJ I CiUj^jSJV I JJx. jjl j_>Aj_iu 

. ■ r i«£U /|4UI>JI jji 20 J 10 SjIIaII SjIx. jjjlII 

< 1 1 »A» ii ^ J LlaI^j <Uj IjjJLc <tL^ CilAjtP^yi cJjaJj E JLaJll 4>?o <11^ 

Sjl* (J^Li. <jl£jt OaJjl 4 l»tvfr * Jjl ^1 « <JjXfaO jjtiic 4 jlimiV I <Cjjuj 

■*lj ~"*~ <J lJlci U j i j^IV I aJUs j/u ( <Ail till j J)fe j j « ■ “II -*j_) - lj* • — jjjl * ■■* * «■ 4 

. *l^jVI I jji ^ iJjitTi ^lll oljjjj&yi axe Ltltj (^jLyj 4 L* *l&jl ijk 

» *1 •'*" # tiSl ^III Sj^JI <il Mtll (j I i 

lx* i fi*. T jJk >a!I jLlJII II* ^ I ni jl ^j}UI uli ^ 

: o>ii oUjj^J^J <t^JI c oili I jl relaxation time * U^V I <>j 

c = X/x (18-4) 


o . V 



. Jjufijlll >*lli« J^lj o Utj jSJV I ci liV i i.ijim! ^1 J«*(jiJI X »UjVI 

JlS^ j < ot^SSJV I Jle. jl^Jj 0 \ (jjJI <La>jUII ijll\ v-jLii. ji 

: <JjUIL tt*. jiill Jil j Cxy&ty 5>JI KjJl 


4^+- = o 

dt -j 


(18 - 5) 

4 4 Ill'll 1 1 jL tgjVI <£.^^11 l jJk V q Cul£ I j}j > jL tgjVI {J Jk V itij> 

JL»JJ <Jljj a* t(>»j jjj jUuitfl v { isuli tjjj <E JLbAj jjjllll 

. JUJU <Jlj| <JaaJ j* j*jll jluuiV I <6^14 jjaj ^lfi. (18 - 5) *djUtl vJa^j 
v i = v 0 exp - t/T (18-6) 

• is* E ui)& J4-*< J5* uduSiyi 

(18-7) 

-e <la^Ju]lj m <t>^ll ^ < M^jy ( (J j£ JUJU L^j jJJjj ^ill i^xll JUj E . 6 £u^ 

jj m*(j ajjjSJV I jK mil cuiS JUJLL jjSJL jlj_UUuVI >i ir 


, d y , v N c 
m ( — - + — ) = - E e 
dt x 


dv 

dt 


= 0 


: cr^cA^'u 1 I die t y ZkfajJ (iiLwiVi (tj< til I ( i »SL> t 


V = 


Ee x 


IT (18-8) 

ijjl (^t loVlall tjb^l jliiiuVI <U^ui l^>u drift moblity |Xq jlji »>>VI ^jakLiji^j 
v _ ex 

HD = ¥'"'sr (i8-9) 

(ji cjULJU J^U SjUI a U > ol I uA) 1 ijjUiJ I <ilSkJI jUjVj 

— IjIa V iUL. ^Uijj <ul5 / jIa V <£^mj JjaJu UtJ^JI (jAjJti i 

ojjjlM 3i(3£il ajj < A iillioll ^ t»* * UL. it* cu(£ Ijj — ( V — N A) JSLUla^ bJ* 



Or-u) jsdi 


j*i • ~ © Jaaj <jj[jj£Jj J£ (jlj « Tji* / uxp£l] n ^ c>Uj_>j£bJJ 

dU3 ( _ r lcj . A V ^ £j »y aOaJjll ^ A 4 -fcLni.il jjc 

Sjlil 4‘i -* i *1 1 i n. A . v jjjk JLJ I culAII SjUl cal^yi^iyi jjx. 

: ^ <UjLlJI <i££ll ajfcj- nAve dLLuil <Ljllll 

oLaH^V 1 «*l <rttl alajtfl ^ I ^j^JI jLllI I jjjSu ,ji (3ijl jJj < J — - nev 

jUII uj^j 

I = nev (18 - 10) 

u* J i rf * f *‘ * (18 - 9 )^JaL*1I ij* (jAjjjAllLy 

I- -IT® (18-11) 


JlaJLlj (ji jllI jLJI a Juui {j£j IjJjJo L^uLl <JjLlII ajjl 

V .if >11 Jji £ua t_iu«(jjj E JLaJll *J_ui jjl Jaai^L ) . ^ t -iLi jJ I > 4 ,jl.c j^jil 

. ( cU»jll ^i^ia fjle. 

: JLa-U Lp. »S • jLull <jU O J^pll J«lu cJijxjj 

I ne 2 x ne 2 X 


o = ~ = = (18 - 12) 

Em me v ' 

: SjljaJI £* i 4 jUUI j# u — t / ^ A 

| ^ic f.UI jUII J 3 J J ^ij ~i -vl <jjlj^JI ULLJI <j| Ljj^j CiljLill <_«L*JI OjJaull 

1 2 

6 jjk <j I . <a 3 j>aJI KjAjojj C < <ti£ m £u& < mC O Lia J&Liii 

T < cuIj jm k i^a ~k < < 11 L 1 I {y* 3/2 kT ^jLui <iUJI 


0 .^ 


: (j| (ft . SjIjaJI la»j j 


1 me 2 = -|- kT 

2 2 (18-13) 

i jlc. < L*L» Ijlt » jLlcI (J^l j jUJI (jJc dlj j Ulju 

(jajjjLIII Jj/U (jc T Sjlj_aJI <~ajJ £-* CJ ^ C>o3 UjI*-* 

: (18 - 12)^1*11^(18 - 13) ajUL 

^ A, n e 2 c 

'' ° " "IFF (18 . 14) 

Sjlj^JI <X.jJ £4 1 _t i Ii^f Ijuil'm ^J^.dl J^»Uu* (jl <i jljuU t>±Jk £uij 4J 

: v_<jlju yjk p <4Cjlli <4jUII (jl jLjIfctjj . <*iLil 


1 

o = — 
p 


UUo 


(18-15) 

IjAj < Ojlj-a.la.jJ £fjJ «L^jULi jLjjl (£ji 

. <Lujj£ill » i wJ I Jic. 1 4 *t 1 LjIcI 

(18-16) 

<A.jJ £4 l^jULtl * J L j J 4 1x4 jJI OC £u£fc 
jjj I ‘ • UbLaJI £mj jic. Ja^L^j . Sjfj^JI 
Jirt*k 1 liili 1 ijlj-aJI <^jjj Oxjill 

1-^J J j+k. <^J ( 1 - N A ) J* 

LS (jjial I jju^JI <AjJ jjc. Jjdu u^UjV <*jULll 
< 44 ! l+J jjSLi (18 - 14) <JjL*JLI oUj 

OjjL eUaa .1 L |4 <Xa^jj (j£jj ‘ 1*13 C«« *»jl 1 111 (jl jD3 <.u >«Jlj . Pq 4.Vu> * 

J-jc L^Lill t*Ui jli jj liiJxkjj < J|> mjill o Ujj j^ll 0.1 JK t-AU-ul 0 lx. 3 L.ijy I j t_uljjuujl£ 

< Ipl^jUL* > thil o3Lu^>Ji ^jUI > tolliljj . J I Lilt jimll <x.jj 

^»U*4 4^ll4L^J L 4jls dLLu< J£jJu Jjjfi. (jl£ I jlj i Ljj^ (Ju4^j 1I J444 <|UA (j 4 * 



(l-U)JS^ J 


I 


o\ . 




: ( jJk R frill A 

(18 - 17) 

,‘1UU I p 


Mjl-iU 5 j-»o * j j } •! 1 / Mm 1 Lfiu ( £1 ) fjVl Lr * <^LUI olxa^j 

< « jni a <ALw^j « Sjua^ll <(jJo J^o^a O^jULa Lfilj < jj_a , fj^l U-* <M-jill 
jla 1 ^)l J^ojlII J^Ia« jJk *-<>li\) ■ S^Aa^l 

a jLjj J^la-a Jlj^j < oIjIaJI (_>^uuJ 4^cjill <^jLUI ( N • N A ) Jj C a^j 


. SjIjaJI <a,jJ £-a a 


( \ — NA ) Jjaa. 


OCajljaJI *La.j J £_• <^jLLU ajLj J^Lla 


SjUI 

0.0043 

l6*X 1.7 

juLuil 

0.0039 

10 8 X 2.8 

10 X 10 


0.0056 

JLjJa. 

0.0091 

10X95.8 

w > « 

MJ 

0.0039 

10 X 1.62 

i.Ai 

0.0058 

10X5.5 

(J in-y'ii 

0.0015 

10X7 

jti/>l f_)u l *r>i t 

0.00001 

10 X 44 

(o L^jUaU ) ^>UAkl« 

0.0004 

10 X 100 

(oUlAxuU ) 


o\\ 









: ( Super - conductivity ) — T /\ A 

U~t oljlill (jA«j (jl N ^ N N ^Lc Onnes > .iitil^l 

SIaa *' ‘j Lfl^LL* L«L*j (J x^Lu » Jikll jiirtll <^ja o* <iili 
C/La>jjJi Jit jic Ci^jlxll iill~t ji Jj I qL h^ I Ct*> in t Hatiljji <jjaj JU^j ■ 

< (jLj i nil jxLwt Ct I >u-»V I i^i CjIxa ■■»* <1.1. t LujfS IjLi (jl < CuJLajil 

(jj^j jLlII AAtiu fjk (jUaU (gl (jjJ < ^Lfc A a1 <AjU 4 t I wtj.* oIa SjL* (j^* u* 
<_a ll jjJ| <liaJI Cilia UUa < XJLLJI (JjLIa jl t ~JI aIIa Utt -*J aI^-a^I 4jjUaj ^1 


< * oLakjAll aIc SaLaII <jx^lll <^jlill ^jk *1iaLaJI ^1 ill (jajlJI Jj^j 

,j O i I Ci Ijj <ju JiVn 1 1 It Ua 1 JLin^jJI Ci U« m £]I <JLa. jjA 


Ct^iaj ~ (jjJjLt <ajLAJ I <jjli^ll tilil . c~t *£> it I ^ Iju (jl 

4 » l»l»j c.it> ia_» I 41 * < c. u,j sayi (j-« ^ijji (jjj£j LaaLl* 

, <^tutj I o Ij j £-a L 4 .lfcL.Lt ( 3 i>lo ijt Lt I lit i_jaLaj AjJ < £\_J>II (jA Aj-iioJ <^ja 
jlueJI yji iiil^ Lfil VI < <i>ll *jl>k i^jA yj Ia®. » j_t« ^£>*11 AAA (jl (j* ffcjlLjj 


4 aIIa j J itt >~t I j X *jV <a!Lfcui^&ll Ctljjiajil (jl gkualjj . Lfc«t I U> '~k*i (j V ,3il®ll 

(jjtjjSLIj (Ji » . i i-ij "h t ^£11 KiU^j 4 ^liA i.1 1 u L <* « •<- 1 1 *jjk ^J| I (ji*! L*jlj 


jUa!^) 4 ULllnTt (jl 1 aj aL^jI (juSkfc iJ Ji (jl£j ■> Ti (jjia^l (jfLaj a!Ia(j 4 4-a^j_A <iU 


. Stationary waves <i>»>ll oU^ll «laaj iL^ia »JL U« CrdcLii* 


villi <iauduljj (jj^t 4 <L^jil (jj_4 SaUI (j J j>~fc ttill JULul (jU «Lijlaltl aA^i 1 i tlr(j 

u* jLII jLlII *LmV 0 S\^k *Litl yi 14] 4 ol<jj]iiJVI (jj ^IjjVl 

ajaIc. 1 1 « j V (jjll 1 1 l^jjiti jyi il^l y^Vm ^ IjjV I aaa Jlll^j , <lx^il (Jji 5 aUL I 

(jc. ^l^il 4> * ^i ‘ <j • I_>ajuo I i^jUll (jjSLi aIIajj < LfjjJLkiujl Lfl^ j=k. (jix jjYllll 

.(^AkV t_iLi jyj <AjUJI 



: GUjli. 4c>u->l ililtdt JLjlidl - 1 / U 


Jf**b3 l>* u^>* <^jlL» (j* Ji£i jlbjJI ,ji Sale. ^a^lutu 

:oUjliII 


: ^HjSM ^ - Vji 

Ri R 2 R 3 

>--#-wwaw — WWW — WWW — > — I 

I Vi V2 V3 

(o-\MJ^— i M 

A i Lull I (jj* J( iliV L> , <j il «~i * oUjIiLI J mTi l ^ ^ 0 — N A ) ^jc* At i L»£ 

llLu^j la) lljl (gi . oUjlill ju^lj jLka^ J*^ ^ (jjSu jji ■ B <_L*iiII ^1 

l3>* lj)-* ■ oUjlill {Lua JilA ^>1^11 jLfill <X^aJ.I 

: a£i V^A.B^u JfaJI 

V = v 1 + v 2 + v 3 

IR = IR, +IR 2 +IR 3 

■ tjl I * { jA R 

R = R, +R 2 + R 3 (18 - 18) 


l 


Rl V 


J^jali - l^ala 


^WWMWWV- 

1 2 




^-ww^vw/- 


(•v-wojsCi 

<-^jUL* JS «LtLfi Jirt Ti J_t ^ <JL>UI *aA ^ji . ( *\ — NA ) jc ,*.t< L»£ 


(jU I V J+aJI ,jjji <*)La (jjSLi U^k3 • B <J*iilL «Li(oll Ju>‘i\5 A <la2jlL 

. J£ J1C (jjSa J+oJI ji 3*>*M J^aii 

CiL^jLill ij , i 2 , i 3 ^ij jLxllI 11 a l^aJj Ija (ar l£ll jL-ill <jl2k 13] l .* In 

: jj j£j 


*> ■ r; 


. _ V V 

*2 ” D ’ *3 “ D 

K 2 K 3 


I = i . + i,, + i, 


1 

R 


i 

V _ V V V 
R R, R 2 R 3 

1 1 1 
R, + R„ + R 


c& 

:u£.cII3l 

• u*l (/i 

(18 - 19) 


2 3 

«iic <j"l (ft . oL^lllI <:ilSll) «_^jliLI t/A R «La 

. l^JL^jUL« •wolSJL <L|jLiu Lf^UjUu < ^lc. oL^IaII 


: 0->A)J\l* 

. ^ui0.129*J«< i . ^jl 10 X 1.7 ^Laall (j^dtuu 

<f» j-* 13] fjk- H > 11 I3Uj $ jl* 30 *jJa <1» Jjl* ajfc I3L. 

^ 70 jIjuLm OjIja ^jii ci* »~tjU i-U» »»l I jic jLHI ojlj I3[j S ji i «l 10jL] 

ji Sjlj^JI <L*kjjj <1 ^jUl 4 SjLj J«Lu ju L*Jfr ? <l^)LLi ji 2 jLjll l3L«_i 

. r ^a/ N 10.0039 

: J-^JI 

D L L 

R = PT = p -7 
A nr 

R = 1.7 x 10* 8 x 30 / 3.14 ( 0.129 xlO 2 ) 2 
= 0.098 Q 


: jA J^JI <jj£j jaaaI 10 j- 13] 


o\£ 



V = I R = 0.98 Volt 

< f(jl 0.0039 jl'liai C^Ull jJLjS^I* i.LsJj <La»jJ i jljaJI <La.jJ £lJjj LaJjc. 

: >» ^ 70 £Li3jtj ij* a&s 
AR = 0.098 x. 70x0.0039 
= 0.026 Q 

0.124 !■** ijAj MjLiO 


: (t-U)JO* 

VjLi* j-4 ^Hpll jjJc Ccv>*aJll cJj^j < ^jl>*JI (_,!«• ^jl 3 * 6 jli^jUu ol 

• ( V — \ A j JLi . Sjjl.il I fjk jUI jLHI ijuit ia^jl 4 JL|ji 12*UjUa^^j1 4 


a 4 fl b 



R = 4 + 2 = 6 Q 

ac 

I = = 2 A : ^jijLSlIioji 

K. 


o\o 



: Ji* LXi^J Jiill — 0 / > A 

L>^ JJ* U^i • jUttil tfjljaJI jjS^I Jj*> 

J& (ji H 2 jl^aJI ^uiuJ »L<j j><n > jji < R Aitlrva c^UL* «J>L mI 

jjuijj <i| Ja^j . ao^jllt SjIjaII ■Lu^j illLuJI £jU I lnj i « i Lialil ib^i • <(11a 

. jULI I jLllI SxJu £j>j* Sjl^ki I <_w «il \T> jLlJI i±u* 

: <j1 I 

H ot RI 2 (18-20) 

( A — N A) J&aSi — R Sjfj^JI <L>^ SjLj Ja*a ji ■yt'ti 

. <JijL V Ofa* jj i ijjijftjj AB I jjj jai < I Ojuli ijLu (j I ~~ 


> 


A 


WMWWAWM* 


B 


( A-tA) 


J^l (ja <ljhuJI ii^jjiil < .1 iA <ljj ^jiUI JjLkiJI « L. <u j^aJI l ji Jjiil 

Jsu. lien ^ jUi q.l*sii v«£^ jL^i J Uy.jAvia^i jja-uii „»> 
• ji B yj| A Q JU J> . i >» 1I jjij iii! j jJt < 

W = I V = R I 2 (18-21) 

/ J>-a> Jjj Jja a < SjjJUL <_uLUI JjaJLI JaiiJI ^4 ■ ■ijj 

.luG 

caj < 1 U i < ii i L-wljitJLii J(18 - 20) • (18 - 21) ijjiJjLiJI t>4 QlO ~ > J 

> 2jIja]I *Lu^j C ili*> ttl 1 JL1 JjjJLl J« iiitl 


4.1 8 i jl )-aJI Culi j-Jk J tiuak 

jL^ujl jjlu I U^IJ <i1 . jiuat / J>a. 

t<ii i>* jL-uuVI 4lj Uj « ^,*£11 JU1J J«ij J*^>U Ji.lj oI^j^IVI 

. i »i~>i i ijj uiuji jn>j < ciijjiijj 1 1 irf>» » oLm visjy I 



jLwil <Cjdui .ia^jl , Jt|y 3 ^ > 14^11 JJjillj ^AuSO^JjJa f^uLi tiilw - N 

!ji T^fciU (jr<-*jl u>1 (j£j o-*j} I J ^<o‘ i « ji jjlf.l • iUlj 5j-aJl Cil i^j KIVI 

^ 3pli l "6 X 2.7 jj Uj«Jl <ajj jk juUjJl 

^4 l.j i-u^c. i_imLi.Tj ^Jr*itl ^Ull* <JL«i fjjt tjU>-4 i jj inj <Lu>-f£ll CujI ~ X" 

S i-K 

. ^jljll I jjJt ^LaL* <4^illj ^Lklll (jj» (JUjIaa* Laa^j VjL (jiliL*!* ^Klm — Y 

? jj^I Luj^Sk IjLjj Jim (jl j^u 1 >| *i> 

jjx- < ^uuu30^>K) {-** 0.8 *jJa* iIjiLaII i_ij in 

4 

jjJc J^%)l jjjift IjL* . j41a) IQ 4jji jLj <ii jaj <aic <icL^ JqjjLuu 

$ . ^r» *1 1 cjjia 

X-^jl . i_j-uj-1)I Si , b 4 y ■ * + 1 * jllaSl > il irt'J j h <x,Lijjl ^^oili * — 0 

^ fsjl 0.6 0.5 jljjjJ JlSui *iiLu Sjlj^ <a.jj ^ SjLijll — *\ 

SXuu Xa^jl < JaJji 12^LjlLi £A (£jl>iill ylc- ^jl 8 ‘ 5 ‘ 3 CjL^jULa C il< « t\ J — V 

*> jLull i^jUu J£ ^ jLlll 

« tfjlpJI Lg “l * ^ * ‘ * ^ 1 Csjm jLS <1* ja . 1 4 - A 

o|^ \jMpN jjJt (jLlv)Lill C» l u\ J IjJj . JoJji 1.6 ftjlji* J+A. Jji L 4 { ji jl 

J£ <4jjl um> I . -Hji 2 »jIjuL4 Jl|ja Iaa 1 4| jlr it»4aa j4Ju»1 0.2 <jJau IjLj 

*> o* 

o © 

44 ( 3 ^»j J*i jjj f 25 ^ 20 o * * Ul (jA jJLi u*j jIjj — ^ 

<4p i.hm>I . ^jl 1 I dll <1 ^jIjMj Jajji 1 0 luLj^SJI ?A_il dl I dj>* 

^ fj^UI {J aJJI ill’ll! i*I1 1 11 <^(jL> 

oNA 



L* j_x£| «:1LJI (jJ iibl 1 1 > <iV I ^1 !_!■% j j^u L* Jil j 

.^j.i.A.Ild J^l.tll< ^ . .*tl .»ll... l*L~. I.tj 

l*|j^ (jjlSj I^IJ ■%» u«X * ^jle. R <^jt m"t • JSC < 

^ u«^ll jji (^Jilil* (jjuij £>u <lil£li I da^jl , oi 




ci cjiixuii 

( Electric (networks and Kirchhoff's Laws ) 

LLUa >ni i J*I. nj . . Ljjjffk IjLj (jjii Ifjli Juaja Ltjle. 

< Ufiu Jf. % . 1 1 jj i cAlLii £gj <lauLull (jLj^ui uU^Ijj . <LW <.tJI 
I jjk . (£jJLVI (jJj eglUiiM ^oaI < i ->i t till Jill <Jjj ^jiUI J* <»tl i jlc 

J^U. ^ (i^u jLllI jI^ aIk iV ojVj , i^uLaJI ^4^ ^jL-uj jLjjuJI 

( jlc. Juu ^oll I JlaJU 4>?\j j-»*>' <ij < jaSU <xutjiL Lukoil .i^a> Lula ^Jijj 


. oLa^VIo^ 

o* j j 4-1 " <i* ji jLu jj^-* o I Jb-?- o>lLji LJ qu3 a— 

^J] jr Llau (JaU jj J^>4^ <i1 loA (JS t> • Sjl>JI 

Ji^iJ I J jj JubA^uJI cil<jt>l&Jj ^jU~> in* t Lkj^UI oUallj(j JLjJLL Liju 

. Jj«c*>U y* LfjLjjjj jIjaLujV ^jiUI 
oLtjl UiH L-uj II L-itLJI jjl ... irt <t 

LfiLUi I il>u J^-aJI jjj 1 iVijj < <Luj 4^1I SxtxV lj 

p <iUaJI ,jl (<Lu Lc 4 - t5 J* O^La L iaJI ^ 

^ > < ii i^'i ^ Lilia j jJaaII (2>-» Jj Tk Ti 

<_iLL ^Jl oDj a » i 1 4 b ^ * * L>-^ll o U t^JVI 
LjUu Lcj_»_ii oljjUuil j * *\\ . LjIj^a. 

, ClIjLu Jl yi 1 I 111 jjill ^ J lA« ^11 (_)<ol.l^ » ^l I 

ji (jlj^Juj Pb c> aLua>II (JA cjuJoi O-* 

. ( N - N ^ in) 1 a Jjk a 



o Y\ 


die. . Pb0 2 >Ui i^i 4 > <ixl» LjUajJJ oa^JLI yJaill tr l^u 

O^ULill I <LjlLftJI Jilj tlidek^j jLj HjJ jm « Jo^jju £jlill £y <jjUajJI 

rluVI^L^ll 

Pb + SOV -> Pb SO, + 2 e' 

44 (19 - 1) 

Pb0 2 + SOJ + 4H* + 2 e‘ 

-4 PbSO, + 2 H,0 

42 (19 - 2) 

j4 jU jaj tfl < «_JLull oJLaJI yl\ ua^II oJajJI jj«* CiliiuHVI jLi JcUGlI I Juft 
JJj j jn^f «£<ii j l »’>ji < ulLuJI J\ ua^jll tyiUtll JjL m ll JaIj oli ♦ ) I<)V I 

Jcl ill! lift 0C. giL . ^11 yJLJI £y oU jjj flVI jaj *Lti -^jLaJI ijildll 

<-JjlL»x]l ^ *LS ^Jc, ( jaLmj)I Cil^jxSk uj mj] J^IaJJ jjj dLijj-jfbJ I 

1 mi SjLcJ <j£«J u^J ■ LjjLLJI <l*fc .tti (jl : jidic JLijj Jc Lilli i, ill 
cajLJI c^ULiSlI Lm U .><L*JLI *LajV I t jk jLii 
(jjJtJk'i tjiwitjl < jl> *l Lil liA • JUJa. £yk Jc. Lilli l.l.i jl Jjl-fcll ^jk iMjlij^Sjl 

. 3jU» JUi ijlc. l^ijlii tv^(j * ^ic. <u*£ll <ilLJI 

L I^jS ^1 , liUI ijjLUl jLill jjL-sJl <*iLill ^Vl ^tpVl ^ 


• «• «k 


V^*’ 4 L>-* • 3i lm l *J I oWlj ( JJ ~> m jiljlJI ) JJjIjII Sj | •> ! (_0-i 

Ou l jj S^lj l.*j‘ui de^jj < vilijll (jA Jlutuk^) jnii'ill JuijSl jjjli 

. tilijll J $y^j4>»Vl jj 


: (Solar cell ) — V j W 

t <L>.i jli~> j^c. <iUa jj( i<i a JLIjVi mV <a1a <a.UI cij-fla ULLJI ojl jldJLul jju 
jrliij ^1 #L«i*JI , i-j W* * ^ ^j^. 4 *•* * "‘ii 4 *i^n ‘^u •*■ '**‘ i r*b 

.( X — \\) Jlu . <iUa ^11 jitill L^maII 4jUo1I Jjaj jjoll ^jihiamiII LjUJI 




jji XaJj ) 1 * jj i ia 3 % h»*ij (As) gbujjJlit yjlj-utJI £yk £jj Lf i If. JU*jL j 
i Ij l f JUbjl ( n- type ) A j .u c. o U i i* 1 L»* • * jLII ^ji ( ^i I 

, (p - type ) /,« j£bU uj£ (In ) ^jiVLSI <> j-ii £ji 

^LjUbJI oJ ^'i^ Ii ( T — \ ^ L*£ <ti u 4* til I VjjlLill j uJk \1 jlu <L«l^ 

( P - type ) | <JLiij <JLJo o Jaxshj ( n - type ) £>i <> u /Cj l 1 ■ 11 <> 

S^JI - n - junction ole. j^Uoj i ^Ja^u 1 *|V»i * 

fjic 4 * i SjaJI ol>*fc iull (jJ^4 1 «*m ( n - type ) <;ujLa> j&i ^Jc 
Sj^ll oliftwiiJI jk ( V" — \ ^ jJiil . liA ( P ■ type ) ^*^11 uiUll 

p_n- junction* ^ es f"** p- £j* o* a> <j iuJi ^ 





(v-n^)j^s: 



c^yullj I j » f (^^ujULI jpuiLII JLa^U 4aou^j 

ULu ljL|_a<j ( n - type ) <J ^ .‘ « ‘“^ Lua^y* 1 1| ^ <> £g&4^]l >l£ 

** i,f * « ■*■" ^jJ I jjc | ^ JLm Jjji i iii'ijj . (p - type ) ^i^ Jj **JI 
P - gjj £yk SjULI (jj&i jjljiVI 3)Lfc jic. <il Jaa,^L^3 t LfxiiLft. tJ lc. t|— -^Jl jjj) lj^»La> 
c4j£ ji n -type (|>* ijltl ^jj£i L*£ < <uILull oli^ i till <ajJL ojlniuiil jj type 

. I jj a <2jJa 

ijt ^tl|J < l|J * jjG i£iJ>J 4 Jiii 41 nil <JjllojJI CiljJ jJc O-iiil J^jliJi JjC 

p - n <L^>II jjc ^>4^)1 JLaJU j-utj c i -wlj . ja. olSj jj-fio cdJj 

sJLuJI oijL^il I | ~ ‘ -‘Ij LS < l |-vi a jjjjjijyi lilj Tfc ~ij 

|.IT^)-I i.llll^ JaJU ^jll ( p - jJj l mI I 1^1 jLi tiLIj t Juijj i 

• J^ili ^ jj) n- (“i ^ iKiJill ^Jj <j> Uajil 

« ia|jJ 0.6 Jail |jj$LikuJI ija 4 jui a itJI <LjJaJI ^.uj^ikJI <JLilj)l ^jUl 

VI !*_■*•»• jljjl ji l^l.iiiblml jjli Jjjj 5jlc jj j!Li <4 jl ill ill I jLllI (jl L«£ 

LfjjjJ d^uti *k it ij j*^ LJLsh ( iftli 1 ) »jj« i ** *# li£ ci 1 3 Lfil 

, jftj] j4C d <jiLIo <miIa 


: Cl^iU U*2li-r/U 

. c^L^jII ,ja ol^Aii iji ^jt&l jlull £jjjj jjl^ilill ^Jliu 

: Jj V» 0*01! 

> ^1 1 ~ 1 1 jji ijaxa^j Point rule <Jo23ll SxclJL ■ hj 

A jjl j j ~l «~(J < Ij i Irt (jjLufcl oV U\^ll (JA ^i «LL>ij ole jjiV-Zi (jlJI Clljt J "ill 

, 3iauyull #llJ (jC. A Jc.ll) I 

<la£JI jjc. I ( j]£J I jLll I ^ jjjj . ^ £ — ^ ^ ) (JSLiJlj <Luj 4 ^ SjjIj ^jl 



Rl 



: ,jl £*alj . R 3 , R 2 , Rj c£Ltii>ll 



I = ij + i 2 + b 


jl i ill (jjj— ia l.|.*>^ > t)t A <Jo-Ilil jjl jj 
o^J A <Jailll ^Jl «lLj ^oll jloulU . 

. Ifi. La»jlL (£cil( J Lilli ^jLuuli (jl 

ji tfj-il <loij (j\ 6J_tLill ( j.i l n T y 

Lf-olj JLjj B JL. <L2a < Sjllall 
: ( jjk <Jft2lll *jc.U <jl)£i SjjaI* oljlu *i« 

Si = 0 (19 - 3) 

*1 " *2 ‘ *3 "*" *4 ' ^5 = 9 : <jl 


2 i =0 
U-NM j££. 

Ul\l> < 4 Ini’tl I <iLl Jl oljLLil <j_uu1L d ‘ *^j » S^Laa^l (all LaJI 

. L|aa*L^jLaJJ <jjualla 4 jJLm 


: ( loop rule ) SjjaJI — * ^SlaJl Q>3lill 

^j^aJI £j_^aJU (jjSa O^Lt^Jll <ja ^iooi ^ jiL* jla-aa & I 

• jIiaO Ljjluu Jkll jL m (l Jja Jf^ll Ci I jo* J 

<> *^Oi JSJ 4 i Iii'illg < J Loll I <^jlill JoaL^ ^jooa J-L"i 

. Sj^jl ».1 a (ji <^*£11 uilull ^j ill ^jo^aLjjLuia * J^ 1 jLi-*H jl Sjtj jJI #lj^l 
Cij -> i SjlUl Jjja. Jj.aJil I fjM ( j i. |Jai ijlIJI (^1 Vi j * • <iaij I *i i I jLi 
I I l;l *‘‘ Jjjxlll 1 1 ,>Uiilj^LiljV ^jo^aJI ^^aoxII (jt SLJ <jlj-JI 4-lojj ^j| 4_u(j 
A (j a Jj> 1> (a£ IjU . laa^a LoILm J^aJI jj-iLiLjl j loot I £a jitrfill LjjLuua 

A <JaHII jjj iu I jLllI »l^ll iJi^j « ( o — ^ ^jc,*.ti^-> l*£ , R c^jlill j^c. B ^J| 

J-f-aJI t^oLL Ai l j Jk B ^J] A(ja Xf-aJI ,ji j jil ll tjj^} Jl^b * B (ja l j | > {J ^'\ 


oT o 



jii*i LLi <JLJI ijLlVIj ( ^ijl J “ IR ^jLiu 


A * 

» — 


u 


* : 


- B 


C , V Q 

(.*’ - - -'-'■ -» — *-^wwwvswww^*— 

I A R B 

(j>* JliliVU tilljJ < B ,jJcl A <!a2l)l H LjUftJI ^1 Ij^iai Ijj «±llj£ 

. — B *jj| Jf^II ij* I B (jJI A 

jjjSu <La^« < >-»i Jui p im > \ «*jSi£ll <11^ (ji JiU^j 

Q <tifc *> — Q/C jjfc B jjij A (j* JLLuVL , 1 1 -^11 jjJu ujS^j • <^JcVl .t| >11 jjo 

. C <luJI 



ci-yuj^ 

ULaJl ( *\ - N \ )J££JU<iulL£ <Ui>4^ ijib ^jJu SjxLill 

5jx.LiJI (jgxxLijj < jLlil 1 n • • LaLajI — yu-» LS — ax>*JI L1a«j» 

: lO^J 

* 1^1 + * 2^2 + * 3^3 ' * 4^4 “ * 5^5 

= E.-E, 


#n 



X iR = EE 


‘ultfl 

(19 - 4) 


: 0-M)Jli. 

( V — ) Js^jl, W l SjjIjJI ^ jUI jUI ^ 

b 5il 12V 

AMAAMMr • I | «(j 


_L 


<v.^)jsa 


a 


3V 


C 


■AVWVWWW- 

61) 


I 




Lijix *UJI ^ Jj i4j < iLi-» 3 3 Li ‘J I <j-» l«ui jljlll U UkLaJil 

: ijtli < Xc.LmII 

3 - 51 - 12 - 61 = 0 

• i -.L a 

..I jj A 

. J Lull ^Jal^II aI&jVI ( llftS lij] llA 3 jJLuJI AjLJuVI 


9 (JS ^jk jlull S Jji Aa^jl . O'* *jjI J ( ^ — \ ^ ) C£H 

R 1 1 2 


1 — WWM- 


lA-VU j£& 


=- o i r o 

■^AAMAAMAr— ^ 

ll R3 


I 


oYV 



: J_aJI 


R 2 ,y jUI a£» *^2 

. (Ij -I 2 ) L4IU J^ill^ 

(jlc, (jljV I Sjj*J 1 {y* k_^juJu Jj^j Sjjxl I i Jell J-uialj 

E] ' ! 1 R 1 ' ( ! 1 " ! 2 ) R 2 = 0 (19-5) 

: ( _ r lc Lilill o * 

-E 2 " ^ 2 ^3 ■ ( lj ■ l 2 ) R 2 = ^ (19 - 6) 

6 j_illj oUjini fjJk 4-ijjuu I j , 1 2 <jjjl j "ill ^Jc J 10 ~k‘t (^GJjLaII tj^3 

. oLjLLlII^IJI 


: (r-^^)JVlA 

: laf Jk JjUI Jlill oUjtill fu2 (jl fJc la] 

R j = 4 R 1 = 4 , Rj = 2 

: t jA oLjl Irkill <AiljJI ijillj 

E 1 = 12 V ; E 2 = 8 V 

9 (j-Lt oUjlill ji aajH (jlll 5 jail I a^jU 

: J-aJl 

CrCtlaLftJJ (19 - 6) ‘ (19 - 5) Cg-iiaLaJU ^jk <JaLuJI fJ-ilL « lIL 

: jLllI ^oi jjlt J ■ * 

I t = 1.25 A ; I 2 = -0.50 A 

jlaj] I /j t < je^jjill ilaj^l jii^f jxuu 1 2 jLlJI jjl ^ii» 1 <aJLuJI 6 jLwiV I j 

% I 2 R laf ji ^ SaaJLl Ojj^II S jail I 1.75 A y* R 2 jUI 

: (£jLuj L^ul < £jaall ijilall ^ Saajll 4 jJ£ 1I S jail I 

P = ( 1.25) 2 x 4 + ( 1.75 ) 2 x 4 + ( 0.5 ) 2 x 2 
= 19 W 


oTA 



: ,j-Aj E j & E2 (jljjjUajJI If y*'u <J lJI ijjill (juij uJk <vt2ll * 

p = E, I, +E 2 I 2 (19-7) 

= 12 x 1.25 + 8 x 0.5 = 19 W. 


CiUjUu!) S Ja 2 A - i j > ^ 


( Wheatstone bridge ) 

J3 


r i, 




r 2 


005 


R- 


*4 


14 


(^N^JSUWbfc^ISjiUl. 

Lf^LdUiljj ‘ “ I ~tj V> SjJaliL 

. £a <|j f -y* I 

ul> • R3 u* *Mj i > 11 <L^jLill q\ 

itujj LiiiiAd jltl xi Rj & R 2 
<jibol) y i g jUill oJ^i 

aJ^Ly . <JLsJI * jjk (ji JjJajiJI ... u ~\ j 




l l ~ l 3 


1 2 ~ *4 


(19 - 8) 

D <Lil)l ..if .a. JjLj 6 <L2ill ..if -a. ji (jiiu jJL^jliiaJI ^ jLl jx>-* {-•**■ 
t*>jj a^aJI Jjjj till < A & D £ju j^aJI LjjLwm A & B £>u j^aJI (jjSu tillj 

. D & C j^yll (jj iLjyLuu* B & C 
: Cx&i <5^°+i> 

(19 - 9) 
(19-10) 

(19 - 8 ) <JjU 1I f laii*u Ij(l9 - 10) ( 19 - 9 ) ^**“*. (j 

: J* 


ii Rj - i 2 R 3 
i 3 R 2 “ l 4 R 4 



(19-11) 


rc~i _ ^3 
R 2 R 4 

uLuAjlu Lfl^j . ijLjioljl I Jojji yjlk I <JjUlU 6 

• R 3 

L*£ — o£jjj (jill * S j I nti lL Jj ^ £jLi 

jic i^jJi im.« 1 ^.ml OO^lt ^Jaxll ^ Lin* AC C^jUdi i-ll 1 11 ^ — ( N * — ^ ).(JSLuJl 

<JoxxiI^j (j 1 .1 ,*k 1 i 1 4 ( L /> ij < ^LajJI (j* jLux^jJI fjJJj a gj~ <" £ju 4 j 1 »**• SxcLi 
Jj^jj 1 4 ^cl < jjJjV I <^ 1 a 1 I ijrU R j 4 «Jll I I C^jlUL I Jj^jj . 4ai Ij <£bjjj!u 

< <jiUJI < -k.liJI yi jjJjVl O^jUll 4 (ij j £yk <jjji < « j oi j Ro 4 jjL}X- C^jliLa 
<-i^JL» J in lij G B jljwll Jjj^u 1 E 4jjUajj Hjj-jJII S^iajuJI dLu l—AjJo 

D 3Ja2jJI Jkjc (jljjVI ^iIjaV Sjiajlil «*ll 1 h < ^je. «J^aJu (jl <1 (j£*j D^ll^jahVl 

L>1 J^JeJI £jU 4 1 >m*iM (julj l jAj(. E] / Ei ) ^ * ‘ “ l i l <jlli oil JjJa ^ i iii~i I < ^Ljj 

• S>illl >?ILu JjiaJI C\jlL» jjJj 


Ri 


R2 


i\.-vo 



R 


1 


R- 


or. 


(19 - 12) 


. (Electric Potential ) ouljLiJ 
jjJjL qU jl (jjlLSu (2 /j .L^.^ JI ilU <r LU >‘t aLIjiJI jl | yillc f.A ■> 1 mj 
tr* ()>* jLjill ,j-» J-ii* y%m ^ alia ji x >l « jj . 

^ i hi <il VI i ijlx * j|j?t i.ill ; \j * — ^ I l^ULJJ . jLfjJI ciL 

jj£iV till a(j < < < » l i ll ^•xill (J Jc o^JI j!<jj X4_aJ I Jjji ^Lut jlylll (j«* I* j^ 

jl|i ^ 4ll j| I Clljxil)(jlll (1)4 Vjj |\| -^11 jllLi* ^ It A. " ... I J.itjj , <jLLLt <jL» <* j *' 

, (_ia| I f Lul ol jlu it] u&iitlV 

l> UV. 4 AB till 4 J&t* Jxt^jj ale <j| j'jJc ,t| >11 <Ujiaj a-ojjyj 


<^)(i^jL t’llttJl (JjJa (jl£ IjU . ^4-*l i tjii ljL»i <jj jjju l^llj < E iLjLLia ^kill 
: j* AB tilLJI ^ie ufaJI jji <jl2\j p <1* JI^LVl Sa*^ 

V AB = ipL (19-13) 

*.t i ijJt 1 I D&A t^tlUitll jO L’ <(^Ja -‘II ■■•II £y» Jali Ip jai Ij^yJiel I j|_j 


: V AD JfaJI ‘ ( NN — ) 

V® = > P L' (19 - 14) 

> (19 - 14) . ( 19 - 13) ieJjUU — iu 

V AD = V AB (L'/D (19-15) 


(\\ -v\) jd-i - A 



* .n.l 1 * 1 AB till mil £y» #j_^ jljJ* (jtJ J— |_ajl jj ^Jc ^JjLjlLI tJJ Ji(j 
Ixa jl lij) . <K tilLJI { jlc. .,i| i-^ll Jji qjxj ale. t #j^JI I<1* J>L £-* Ua^lo 

, [ 1 IiA«j lut ja^i tjjj^ oL»lalIuil <(j < ii^.-fcll (ju iJ*jW 

: iv w > 4^ ojilt — Vji 



A uijiaJL 1 * | 1‘ijUL* aljJll E J-a* V oa^j-tl i.> U ill 

<i jJa < G SaXj ^jaaII wJLjJI t-AjUl < J| > ll (juLuL* 

. ( \ X — \ <j5LuJl La£ AB t*llmll <J>aJL D jlljj jiV I 



B 


. L>i.a jl^jlllaJI » Juc. jj j£j £*A>* ^1 Ji^'i i.*llmll l _ / ic. tiLjjajj 

1 *j *^**j *_■ ^ ^*~j ^ j ~ ^ -- »l •*■■* ^ ^ Ij-A jL_ bua jjlc. 


. aIajVI Ija ut&A u* 

A <iailll ijc. ,U i‘(j < iilLJI Dj <Jaiill JU C. (jjSu Ej LjlUl (jljSl <jl 


JjUl .L>2 *(iLm A jc .Uj‘i O2 tLii jic oj£*i E2 «^<4Ail (jljll (j(j < Lj <iluu 
jLlJI 1 all . o-Lill dL- ^1* jfaJI J> ^ 5jill <11* J£ 

p (j-* AB JUI qa JljLVl « <i^LII c^HLIji ^Lill jlU 

: jA Lj J>iall JfaJI J> 

V 1 = L I p* = E 1 (19 . 16) 

E 2 : i/J* <i>* ujSj 


V 2 


- L 2 P- • - E 2 (19 . 17) 

Ej / E 2 JLuull jjJc J-aa^ (19 - 17) * (19 - 16) ZjumA # 


Ej/E 2 = l,/l 2 


(19-18) 



: 4>u] 

jjlijVI oUj l i « L < ZJkU\ cjuju jljil 43 -oJI £_• 

>Z>}- k . i ~ ( \X - ^ ) JSjJJI C$ju» L*£ — . a | ->t I 



Lij tJjJalf K l jlc Jr>«, J» E (X Lj : jjjlc (Jj %3 4 > 4A ^ 
JjJjC {jJ&jJ • <Lalll R <4jUHl (jJc. 4faJI 


V a L 2 

L - h. 
" v l 2 


(19 - 19) 


V = IR : ( ‘i j-llill ini ilic E ijllj u* jHI jlilll jJk I jli Ijjj 


E L 2 


V L, 


(19 - 20) 


. (^i jUI jLjJI Sjal <JjUII *sa 

.(R + r ) 5 jlUl <J£1I JL^Lill oji , r UilJI ^IJUI oil* Ijlj 

: jjk I jLllI (jj&jj • c^lill liLikA c^UIl 


E V 


R + r *" R 


(19-21) 


orr 



r = R 


(19 _ 19) <bl*II JLmXmL (J ic. 

L, - L 2 

~TT~ (19 - 22 ) 


^)l 2 <1 L+) < JU|^*2 < 1 • 5 La^J ^jill 

ji CjIjLIII > -uua l . fjl 5 MjLL* f* CSjLv^ LT^ ‘ (j^c. 

Ei (1.5V, 10) 

: J-aJI 



1 

ill 




E 2 


(2V,2fl) 


■WMWWWV' 

R=5Q 


0 *- 






I ^iwll ( \ 1 — \ S ) i <>> cil jljJ I i + y 

I = i 1 +i 2 

R <^jliilj Ej <LjLLill ^>iJI Sjcli (3^^ 

1.5 = i, + 5 ( i, + i 2 ) = 6 ij + 5i 2 (19 _ 23 ) 

R 4-^jLHIj E 2 <^£JU til (J ic (£j — aLt 5,>— • Jj-tLill j— 

: ,jL 

2 = 2ij + 5(i, +i 2 ) = 5 i, +7i 2 (19-24) 

: J* ( 19 - 24) • (19 - 23) ce^Uli J~ 
i, - i A; i 2 - 7/34 A 


»r£ 



• *>* R Mjlill yi UJ%J 


: (•-M)JO. 

, >Hjji2 <ujtlai| Okiljjl $jdllj t ^j|5 O^li^^HlOO^iuJ^la yuLuLA 

jl^jjLkiaj ^jl 0.9 <J^loll 1.5 ^nilotl ^jaX. J^j 

die. j ll fdA J _t ■ ~t J I jl*4J • fju IjtU >*U i it I'jJc ylyjVI £>A»J-A d^jl . -^1 1 Q“ I ‘ * 

9 45 -mJI £-• yic 1 • 1 

: J_aJ) 

; J^ail clLu jlull 

i = 1 = 0.4 A 


p — 0.05 O : ji p yuLjJU itlL <i (j4 ji<u>i.mtl 5jlx« 

: 4>*|JI £A yjlj yuLiil lilLuu yA Lj JjJa ylc dfajf yl yAjftj 

.'• 1-5 = i Lj p 
.*. L, = 75 cm 

< ^uJI ji^la Qu I (^ A i > u ^jl 1.1 4^jllu 4 jajJ I Jlu^i >iifj 

: yJk ‘MjlLtl yi jL^JI Sdii yjS^j -Hji V 

E _ V 
R 
V 


I = 


R + r 
1.5 


** 1.1 +0.9 1.1 

.*. V = 0.825 Volt 

L 2 jJk dfaJI IdA {UA Llj3l yL*A tf ill y«Lill ylc J>UI a£jj 

E L i 


f 0.825 x75 
.*. L 2 = — = 41.25 cm 


oVo 



jJu i£r £Lu/Lilt 4,^4! ni0 

4 

Lf-l^jljLt JaJjj 12 4 jjUoj ^iJoia ^jl 10X5 4jKI.il I <l^jliL* j1«Li(jJ ~ ^ 

<^jLHI ,t| ^tl jj-i OjUoJ I ,ji jLII jLllI a^jl . ^jl 0.02 LtUhll 

iyiULU i 

4jj11ijI 1 4 jl ^IjJI C^lill Culf^j i JajjA 11.9 *J* * j“ * J J AJ ~ ^ 

\>iil 4lilL* 4i IjS L -,y^ ^^la. j “f In fill 4-^jUu 4aJc ( ‘i t Slt Jjl um IjU . ^jl0.02 

. N 1 10 X 10<^l^JUll^^UL.(^o-^^)J5LlIb<lLJLLs:s J :la - r 
• t/ Jc <JLual* ^jl 2 Jo|>i 2.08 oJUl <LjUqli |J Jfe j 
(j-U jO ]702L^LL- v ^j]298<i^jLL» jot 

. ^juUjL* ( j-U- ^-* 1 85 *j-iJ ujlj^jl i£i±aa < ^jl 2 Sj^jLuaJI <^jl2ll 

$ ( jiL^jliiaJJ (Jil £iJdkj ^jli jLSil ( jJ^j ) 4-ijjilut^ O^jI 

298 2.08 V 

10,000 ‘'*-'4>js& 

Ijl « l^jinOLuj^il Ouil^ll 4^J .ipl 4 -J^IaM 4-^jLiIl — i 

$ 4l« ^u« I 20 ■ ' ■» ii& Jajjl 110 |jj^i <UjJ* ^Jc J^aJ I 

<ji jjk I jj g-ijJ. ."Jl id. ■ .>j tjj_ 1 tilj -kll jj- -Ua j ^jl 5 4- MjU-4 jl^lila. — 0 
4 1 * ->‘i l Jljill u-l*- <* J**j 3 6* v^i cr 111 10 X 1 jL_u 

4l_uui.it a. (jjful (fjljZlI (jlc 4j J.au jjl uaj (^oll till j!yj , Ja|>i 0. 1 Ijii 

jj*.] 0.1 

fuM . 10 X 9.8 4afijJI 4i^jLL^j . ^0.274* _>Li iillm J 3 L ja l* — *\ 

120*jJA i » ~i jJaU < <1 a|4 4jKIJI ( ^jLiL^j iaj^j 2 <tjl Inn 4 ^ jic 

(J = 4.2 J/C3.1 ) $ 4lilj/^*tti 

on 




I JJk £* J*J>*250 >J | j > irt » > t A. * , ..I | jjj <UJj 20^,1 00 

S Mji jULI jLlII I (jl^mll 


^MjLL» Oa^j) . ^iuaVl JjJttJI Jtx«l <J^C <|^Ja u>»i ftjl 0.6 ^MjUL* iJULu — A 

S <jjla (JiaH <il5£JI j <j^> 1)I I ^jl fjhjk* 

yu, SjjIj ^ ^jl^ll (jix. < ljU-mLL* (y» J& (jl CujI — ^ 

S j!* «L^)LL» Lm^, ymlm jLj 

ijA jUI jLJI tXw Xa^jl • ( *i* » ■ - *jj * 4jli >1 | \*\ — ^ j ^JC*. tl jtjj — \ • 


50 


20V 


I 




2Q 

r— WWW^-I 
-^WnW- 


4 

L - ■"VMM/' -1 

(w-vw js2 


S j4^>ililaJI 



jJt 3 i n* i ll ^)i 4(3 (2 jj ij , I 2 * 1 1 ci 1 jLlJJ 1 i« x^}i — n n 

.( W — \\ Jlii ) ^Iljlll l jlc. JL4>i 20 5 £-• Ji^m j 




S ) J&AIt u* <luJLI Kj.MI i^HLI oa^l - \X 

i ia 



w--H)js2i 


oYA 



3^11 J gMijhUitl JL>ai 

^LuuolaLukXl.^ j Y * 

j ia t ^jlaJI (jj -ill ^1 (jj j*i_i irtll JL^j i ,Vj,» i J | f Ju 4 j i n jtr»l Hit CUjA 

3 | i l i n' l l l<-tl l n< V I j|j t U > ^ jnjtr> l * i t 4 ^V(jl Jlj Jju i L m T^ I < 4 j mjlrtl *iwtl <Ui^^aJI 

j(jJU Cj£-* (3** <jt (£ I 4 ijjLaul <LLLaJLI uUaSVl (jl> ‘ 

j^Lj l| Ja al ^^ajVl ^jlj ■ 2L*.« .1 I 

. jjlSLII iji Lull LaL^jI LaIIj 

j _»y ill t-J in 2 5 kl jjl VI • i'\ ♦ y i jL» j 3Luuo1aU 2X1 *11 <jl 

fJla-ll Jlj jjJt < j.i t u r £-<-uLlll (jj-ill ^ V] fit fJ ^j-fikll jLfclll ^i < i . jt-» l i4t l 
i jLjj <ji jm tillui Cuji I j| uijjul 2U i» jtr»Ludl tjjVI (j I J-a^j ££j)l iluijjl 

(^jill J£ <j1 .(_><oulJI j^y<Luj4^JI oljLlii tj(j 

tfjill 3ilu»VL <j(j < <5 >jAi <UL> ollauju yU 34Jjf£ 4^>S (gy m jJ L*3 jnut-tl **tl 

ol >tjl <L£jAi jk ‘X Jaj] ol i-h ltlll(^VJ 

. l^lr .^ui £4 

jjkVI ^jaNuJIj < 2 « ■ ■*■ 2Umjtr>l <44 <j 1 1 -g«| ~ a ^' - .; t ~ l ’ 4(^4 *( «_> iltJI iji Jua^j>t 

2 > J “‘ S ia >4^VI jj^ll t4A * • “ ‘‘H tjj t <Lj^2 4 j n> j la L uL* <| juJbJlf* 

I j| t jljj4 ^ J ■■■jt-tt ^mjtr>l <m^t ^.jjJI <jt JJ^j. JjJaII 

4JU ( jjLa U1U ~A jm jilt ‘>alt * JJI fj* 1 tAoj Jjjj « jLu <j jai *-aL c» « 

<iLuaL <j) Jja^j jJjj i ijlil < iVl^L^ijull^jiiijtriLlaXt kjjk <-*4* i. t I’t'^’L) < jLlil ?iljl 

ta . ... .U1 *«t l ^ ^ ^Uuluil <(_> ml ^ <(j « uaLaII JaOaJI <*« «SjLi JuJ > II w 1 

■ <tull l^*?j iujtr>l 1«4<4 jIj oLuuLLa^ Jmliiit ln*ii 4 Jaj 



• {j* ojfci uib-S* (j-Jj o “i^ * * *j «■■ £ » 

till j JjL)j t I ££jjI (jJj *>a* J£ jjc 1 injl vlllj^ «t<Jua ^3 . ( \ — Y • J£xu ) 

.-.I « j , .. -^.Ilj oUxh^JVI <£j^ (ar ^jSjLJJ <^£11 oljjJI (ji Cy&i *i»t i t . ■>«» *> • (jl 


. tl l^lj ltd I 



JjJJo-j < UJjji t_jLLiV I kJJk L^jIj Jj-L* , ^njtn LLLa i.tLiJ Ijjl 
^ <iA! < magnetic dipoles ^JaUiu .>LHI cjiuli Li(jVI 1 +iIU ^ I 4 JL 
^lc itLjMubUatl jJkljJill j m m >1 SjLc jj 1 ijjj |^ll «_jJajdl otul^J U < nj tlllj 

, JijUl v-ikdl f^uLbul ^ifc 4,1 ^uLuil 


: a,mubLUt<3>2il-. T/T* 

4 <oj jLaJI (^>1 «14U < < 4 » *-ll (^ w UI {j* tlJUkll I <Un)jVtl *iitl 4 jlJI jt 1 «*i 

(j-lc M & m £glii£ (^u 4 >lii ^ U« j ijjjLaJJ ( j* im , <±jj 4 £II <-j_ 5 ^(j 2 £II 



oi. 



A 

r ■ ■*..*! I jl ^ d«l,,.ll r >■»«• 

j] • JaJL* <i&Li^JI q! L^ itJ) l jlc. ojiliil 1 4-4 ^1 • \ ‘^2J q ,jJ| q! <?■<*- .Ml 

2 j ..i jt->i i.«.t i I vilijJ <Li LA l %jJ j^jIj 1| »A« il 3^‘ilL jjc. <il 

. Ijlc. I»*ll J^j £jCl*H*h i till ^Uil'lll lilifjj < 

Sjill i .Luglili vdlji « cHJ^ o* u* j “I^ O-Uilu Ja^JJ L£j 

< OUJjJltl Jj-lc V , V 7 QUCj^JL igVrh . til I lju <4 Lull £A I mL i i^ f % v ti u . Jrt l i*t < 

: <IjUIL (jJaiuJj 

F = (constant) -5y- v x (v 7 x r ) (20 - 3) 

r 2 

J^j_u J-La d ^ * < »Lj£Jftll fji LuLuil l^iti 4 jiu jt^ Lutll Jjill j**«jj 

(jjluu Culltl jjl Ja^j i^Lli) LJjjJ I olj-a^ll ^LAI mljj • 4 -mj |^ll ji OjjlaJ 

-2 2 -7 

M-O l 471 *,>>*^1 Culill IjL* <jL£ jIIaII ) ( <Luli ) cHJ^ ^ 

l(f x 1 .26 (ijU-upenniability constant UUlll culi ^ |i 0 £u*. 
^i 0 = 471 x 10' 7 = 1.26 x 10‘ 6 Ns 2 /C 2 


^ j t»*« 7*.-. .^. dL...lj^ ^1*- Sj\}t I 4 j ii i jln LuiXt *11 - jj ■ —"y 


: IT* 



F 


^O 

4ti 


qq' / / A v 

-±L- v x ( v' x r ) 
2 
r 


(20 - 4 ) 


r & v 7 *t i yj < aI I j_JI SjLtU ^IxaJLuLF Sj-ill *L&jI » * — ~jj 

. v <auJll viltj jtu Ulirt*) jjjLJI ( cross product ) LuliiAt 


^e. ( V , V 7 ) ( q » q 7 ) olldlaii jjtua-A djaJ* 

S I «| mi 3lli.m jt->l <iitt jL^jJj^II <?>i »lil . olujIII 


<yt\ 



V 

-► 




vx (v'xf ) 

v' 


f - ^° qq 7 

m,lg yl _ _2 

4xc r 


: J-*li 

J£ y* IjjljJI (jl iVaj ( Y — Y • ) <j 5 uUl 
90 °^ ( t - Y* )^jUXI^c^L^ICju J --Jl t > 
:2Lu«uIaUum %jill w-ijju ^lll <1 jIaJLI dlldj 


V V 


Pel “ 


(20 - 5 ) 

. dgaJlueull dAJj-wail yk CildlauVI jliiel <j*» ^uclu Li £ <UidlaJS ^ill ft j- 4 j 

• L( JI e/-> 3x^jSJI ijjill 

/ ‘ "* " 

(20 - 6 ) 


1 


qq 


4jc e. 


• ( F cl + F mag ) LT* Cg V^ . t ll Cjo ^1 %jill 

(20 - 6 ) * (20 - 5 ) LfrSlaUtl g 213 cfrb^J ufrf ‘LmuII 


-^- = M-o e 0 v v ; 

^el 

= 1.26 x 10" 6 x 8.85 x 10 12 vv ; 

F 

= ( 1.12 x 10' 17 s 2 /m) vv' 

F el 


(20 - 7 ) 


C lx JOM yA (20 - 7 ) ‘tJjLu* yi <Ldd«JI <LajjUI y\ 


j) (f \ . luli / jLk 10 x 3 


~T - e o 
c 


: yA 2> j until jjm (jjSu till j 

c = l/Vna £ o (20-8) 

, <t-nJL ( «t l JLaJ .1 <aJLu die t dJU L*ji tilldl djXJLuyj 



Ii>a i j i *«> * ji ‘“I I JL^t I jj* j jo^* ■■■*■ 

oVjUu itiidiiV l i J i i fj < a^uill |j4 LdjJ ol t% nill <Lfcj_m jSi Li CL^jjiill 
fji (^‘i.iH*uif iii mill 4j_)Jaill JLijI jVt tc » <JLaJI L * j'ulj. 1 ** ^ <^kjjJI 

. jLlcVI 

: ^*ulaLuttt JL>«tt — fj Y * 

AiiVfci i JUu J^Iai j* tbiku SjJJ I yi li^j yi jj i n LiS 

uij j_a^L) . pi t -fc i t jl £>u *4>a<j ^yk JjV ^ , (njtnU* < J( ^ 3 jhhU I * i tt > (jj-lJI 

i la <ia^j i*l 1 1 ii !ji jLpl jl <^j v .1 1 oLa^i ^mulaLuXl JUJU 

aJLA { jlx. 6 ^mjtaLuitl JlaJU j5jj . <Jaiall USJk jit V 3c j^uu jj^ri Q <'ii iti 43^3 

: t^uai p +jAj • "11 

F = q ( v X B ) (20-9) 

JLaJLI aL^jV <1 i. iii ilia 3ira j «* II a l Ti~il ( j!a i^LyJZi * v 3 -ii I kJJk jjl h-Ql^ 

L» (jj^3 JLaJU lijlj-a <£j^JI Cul£ I jl <Jji io tjiil 1 < ^» i jtr>r > at < 

F = q v B jjjoc ^jLwi ^3 ^ j ^^Jc <j^ 3 -ac I oil£ I jl ^«_i 

: JUJU ajui 

B = F/q v (20 - 10) 

^jtl < 3 iih «U 1 iXatfj <jic (>UI ^il) <jU JUJU axJu i_LijAJ jolii.*iii>'i I4I33 
{j* J£ £-a Ixalcla aj-iJI aUjI <jj^3 > JUJU aUil ^^Jc 5 lilj-aLZi 

. JLJU alaJjlj 3£^JI alaul 

iLullI { jA SI (^3^11 filial I ^K i j l U U m JUJU ijuJg aOaj 

1 Tesla = IT = 1 N/(Cm/S) 

^ * ~~ ...j j« .-Xll oVUJLI JLuuLuJ olcj . Tjj _* / jjj LiL^il aja^JI a ja ^ »-■ <itj 



-4 

. ^Luuj 10 JjL» 3 j ^LLill yi JLaJ I * 43^3 i^fA} * Salt 

5 iw qC. L^aLj jutlll jlu (20 - 4 ) 3 i inula l. * J> H fjill ttaliU ^I.Aau.nLjj 

: <JjUUi V ^cjmu ■(Stj'Ui (J <jJoij B ^uuloU£Xt Jl&JLI 


B = 


J^o 

4n 



A 

r ) 


(20- 11) 


*^iotS >jtAi i jL-oa ijk /*) t M ^ll <£ja. (jfi LJLjj JLaJ I Ja^jl 

6 ' -11 

( ijj ). ii»/ ju 10 x 2.2 <u.jwi ji* 10 x 5.3 
B : J_aJ! 

10* 7 x 1.6 x 10' 19 x 2.2 x 10 6 



B = 


l^o ev 


-1K2 


( 5.3 x HP 1 ) 


4% r ' 

= 13 Tesla 

^ <S ja> tUJl (ji JUJU 

(r- Y. )jjLUI<>L£,ajt>£iyi 


jliUj ^ . nntolja Ul JU-iIl — i / Y * 

(Law of Biot ■ Savard ) 

Lo 5j_u<l <4 « n i J^Lk» <Uauil^j ( jj ( %t l»t t JLaJ! Jj ** -* 


JLaJ I *Lajl La (jt£* (yi JLaJ (juCJLI ftLaJil j . ^^1 JLaJI <JL» ,j 4 lil* t 
(_> A a xl I ol^j ^j.^i »J j JUJI ij <ti ^j jdl LaU£ (jl 1 IJa 


• Yjl* / j$j magnetic flux density « 

ilLa-> <LLlja oUjjjSSliy I (jc ^lu tilLu« ^ jly >» I4] 

J£J ) ■ 4-dc (^jTm > .‘LI..JI (jkj£ja <ili « jiljJ J£j> jjJc t <ji (jjill .l^ytaJL 
Jail u* ftLfjV I LijuJj I jli . jJI tJcLL JLaJ. I felaJil JJaJjj < ( 1 — Y ♦ 


oil 




( l - t .) js 2 . 

jjJxc. JoLiill JLaJL I (jj£> ' 4 i •yjllcjl 'ontifl^L^j-a. *LaJi) ^JJ j-i iuj itij -u ^ >« jll 
oTt-h itl tlaUllj JK1 I (jl£ I jl <j| ijJkSjJ I jJI (jilj ftL&tjl yi IjJ 1*1 A 

<j£j^k jjj |^ll jL JLil <Jl_a> (ji <j| > j JLaJU *Lajl jjl_i oil — mi 

. ( vlliuJI jLlll ftlaul Qt fie ^yl o Ujj iZkM I 

<Jekii jjc I IjIjj J**ki ijlliu JlaJll jULmkti jjUUJI 

• ( o - t ♦ ) J CA . 1 1^1*^ « d/ tilit- J I ,j* ^|^ia jukif (jt r llLuu J» j*i P 



dt y dl*JI lUI j dq o*j-* otia-i <> ^ Ij ' 

• o&i 


dq 

I = -T- 
dt 


(20 - 12 ) 


oio 



< U 


: dB tjljLft P jjc VUk4 dl jirt'nll ui dq »JI <Li jaJi 


dB 


Po dq 
4k r 2 


(V x r ) 


< V ££j jjl P * LViH (jjjjj <lu JualJI JLaJlj ji4*H II tlail ^jljll Ciiiit I j|j 

■ jJfc P JiC JLaJLI A JjJu jljit jjij 0 : 


, D dq . a 

dB = — v sin 0 


v = 


4n r 

d/ 
dT 


,2 


( 20 - 13 ) 


(d// dt) J44jJ I ^ ■"! I HCjMI jjt V liu 


U 1 1 

(20 - 14 ) 


dB = 


: Jc (20-14) (20-13) (20-12) oVjUII ^ 
l^o Id/ sin0 


4tc 


dB = 


Po I , AJ * 
(d/xr) 

4k r 2 


(20 - 15 ) 

(20 - 16 ) 


a I.. Vi I Ljui-j i d/ j i^>i >11 jjc ‘*il * “H ^LJLI aLvI (ji j * ■ * » d/ <viLI 

. JLJI ^ jLsJI 

JLaJLI iiu jLkjj MlUmljj I jjk 




B = 


I 


dB = 


4k 


6 — 90 3jjlj r J.V..II I jji 

: jj i P jjc. <2laJI j JLaJI 5«u£ 

I d/ sin 90 

~ (20 - 17) 


( Id/ ! 
1 r 


j Lkjlj <jj£j 9 J)| I <& 4 * 1 1 * Jl !jic. J^LSuJIj 

: (jji till.) jJajJI > lirti < CuIj KliaJI j$jj Jc. d/ <Jaa 


B = 


^ 0 I 


f 2nr 


d/ 


4rc r 2 /o 


M 

4jc r 2 


2 k r 


Pol 
2 r 


(20 - 18 ) 


<ijUll < N Clil (jjlli) talk j£j* JlaiJ. I (jjuju *)ljj» Lt jlcj 

: j*~} JUll oltfl . oUill jjt (20 -18) 

|i 0 N I 

B = ~rr (20 - 19 ) 

■ » till ^jluu jk Li^kc B JLhJll * Lj | 

t till jli] ijjii (juLll Jlail a. jl > jlll Ija ^il-kli hj 

ija. ^. t ...hl;»ik ijjl • <_!-*-• jV I Jljjll »l*jl ji L—lj 

JLaJU iXiLudk H fjia jVl JLaJL 1 j i iVl oiijll Jilju* £ Li . > til 1 

SjjV I Ciij_aJl ljj_i . <jj uiJ I ^ jLjj jjj-k > .til I jlc. 

: dlJ^J ( V — Y • ) Jlui 6 ^jlji jLJI | t J . 

B = H tan 0 (20-20) 


otV 





jl _> “ >11 m o^+i (20 - 20) *(20 "19) *— * O^j 

<J jLa! I < Olil jjcj > *11 1 ^Joi v tfafu Jl* (ji culjltl 


H tan 0 


Mo N I 
2 r 


(20 - 21 ) 


: j\£ jaj 3il* j j±a JUuil /¥» 

« « tl JLaJ.1 Sj-ti yl I.I rh £yk 1 V > < • _! jliLujj j_u (jjiLi (j| Jui Im 
6jlx J| ■ "jj . LfJl^oJul cul^ Ll < i «V I <_u jjZl I di I j L lJ I i < > -* iji ^uiiLJI 

i hU>i m JlxiJI h i njit Jjj5Li l*itV. 01.i »ll 
I jLu Lfj R LAjJoA i 1 1 n‘i Hi ll jjt ^Jullll ^ualoQatl JLaJU jjVl ■ “■■ *■* 

, ^ A — T ♦ ) jJSuUl fji L»£ I *<xa » jjJc P daJLj .lie. cil^j 
: AjIjuLt dB JUw4 Hie. 1 1 I’m >»1LJI d/ L(jJa I j i rt if jil<U 

dB = Ji° (20 - 22) 

4tc r 2 

: jjL» x , y , z oLjI jAij jLidjj . d/ j -■<**■■ M p <Jailll jju r £uab 

r 2 = z 2 + R 2 (20 - 23 ) 


IM 



t 

z 

I 



, P <LiJ Ij jdbAliJ f (j)U JaiJI jjic. L4 >»c okj I t 

i <ikll jjuo« lie jLlcI jjc Jl^ll Ij^J ( dB cos (x ) <i2iVl 

, < il-fcll Ay J^liJ I *1 j^.Ly ( dB sin ot ) <j— ijl <a£>LI Lf i^a 

: S j^ uJI jjJt P dallil Juc. JLaJU iJul **» ■ 

' 

B j^o_ I d / sin a (20 - 25) 

4k (z 2 +R 2 ) 

, 

l 

Z j_*j ( j!a JLaJLI ^*nSLt tilijjj sin oc — R / ( 7 } + R“) ^ i mA >a £y\} 

: jJi aULl j$j ^ <2>a 

B _ Mmo Id/ r 
2 4 k ( z 2 + R 2 ) 3/2 

0 M 





Ho IR 

4ti ( z 2 + R 2 ) 3/2 
Ho IR 

4ti (z 2 +R 2 ) 3/2 


| d/ 
x 2n R 


Ho 1 7i R 2 
4tc ( z 2 + R 2 ) 3/2 


(20 - 26) 


, <tiLsJ| Cj IjLlJI tjjfc i ii j tr» t I iji j 


(ji jLjj jjj-» <Aju*-* L*Uj Jjl*3 Sjjll ^ ^>jlj jLuu- 4 (jj oJLH^I 

• >*Llui 

V jUllSod; 

2 n r 

i‘< i ^ ■ * c < jL.j u jLm * i i ot r < >ji. i Mi« ( ’i^ r:iv i <£^u v tiu^ 

z <2L*u* i ut.tl Sjjll jrjli. L* 3Ui> jLjtL^ < '*'* ^1^-* <£>»ll * j a u L»«lj 

j ■-*»"*•- * dlj jlfj < Z iiull <iuulli R jLuJLI jkt i i>*i jl jLlcI tfc 

: |i nn1» (20 _ 26) <Jjl*ll 


B 


z ~ 


Ho 

2 tc 


I. K R 2 


B = Ho^ jj\ (20 - 27) 

Z 2it z 3 

jjiil < Sj_>« «rtll 221*11 SjLc. < 321*11 3 i>(m« ^jLmj A = 7t R 2 

w -jur.«t i ^jjJI cijiLjj magnetic dipole ;«ti ..tlrull ^Li!u jL3 ><u 
(ft < <21*11 <*l.ii*> jlull oju-a J^al* <jLi jujuc. v_*l*2l I Jjjliil jl |»l <21*11 

U = I ■ A (20-28) 

yiuil jLi,> t^uil Ji >Ji Jo—i J (20 - 27)UiL J Ji 1 > c ~iU» 


60 • 





:(r-Y*) JOi 

^_t I n JajjJa i-ll t« (jc Z oL».m<> jA>*t * P <tajLi die. y mjt^l *<tt) JLad I >J iti d-a^jl 

9 I OJjlu Luj^ I jLu Jo-m 

: J-aJI 

j JC .*7. t t L*£ t dl till* ill I IJjJo Ijm'tc. jxuu 

• p <iailil Sja dot <jjlj ^‘ti^>j < ( ^ — Y • ) 

jUflll . 

d/ jirt'ull <alt <j^lj ^1 

A 

a ^ r 

; i ?J | <m,UA 

Z = r sin a (20 - 29) 

: L^l 

rd a = d/ sin a (20 - 30) 

die JIaJJ 6 Ju!u jULuy jjj (jjjlji ( jj>iffi"i jj 

' t-> -* j« ^*nl l ije. ^xlullJI P 



dB = il2. 1 d ' sina 


4 k 


,.2 


(20 - 31) 


4 k r 


dB = 


Ho I sin a d a 

4 71 z 


(20 - 29) JLaAliJiL^ 

(20 - 32) 


<1£ <»ll. ..II ^ic J^t^lll • Ij^L P die. si lit uU ^j&ll Jl&JM yifc djirfvdl 

• 71 J! J*** a J** 2 


[n 


B 


z ~ 


Ho* 

4 7C z 

. o 


sin a d a 


. Ho I 
4 n z 

B = 


[ - cos a]o 

Ho I 
2 7C z 


(20 - 33) 


(20 - 34) 


■ ill I mil qC. JaJI £»• lii iXf Luiljj umiIiu (JIaJII ijjut (jl (^1 


(jl i-(j < I jLu <j >*j ) 3 . AjJaJ 1 1 lirt'i A A L^j^Ls. lila 

. ( N. - t. ) J£A. L J>JJI 



(W-^) 3 ■f- t - • » " nr - 


i jl^Jll P <ia4ill X oLulu Jjlo i d/ Li)j^ l^i^jkC j ‘*« *i 

CiUlll jjx N i., > 111 jjj 4 jK 1 I ol&lil jjx. <ji , LajIc JIaJU 

( N / L ) d/ : d/ oLtlll jjfe <*»^ }^ n = N / L u-AlLHaII 

• (j-* (20 - 26) "ifjidl i^n d/ jirt'n II <iuiJL P Jjlc. ^ iiutaUitl ^jAiiil 


eoY 



(20 - 35) 


,2 \ L j ( a 2 + x 2 ) 3/2 

d/ i P Ja^IjJI Ja&JI ji r duk r 2 = x 2 + 2 * jji t*j|j 

Nd/ la 2 ^ 

dB = TT -T- • -T (20 - 36) 


2 L 


r d 0 = d/ sin 0 


M-o N I a 2 d0 
dB = — . — . . 

2 L r 2 sin 0 


dB = ^ . I sin 0 d0 

2 L 


: fjlc J i ‘i | \ * - Y • ) J^mi ^ ii tit 

(20 - 37) 

: ^Jt (20 - 36) <J* O^A*** 11 ** 

(20 - 38) 

: JUJU tjjfLj killji sin 0 = a/rjll 

(20 - 39) 


0 j , 0 2 l£-J ^ j it * Vi/ JL» k-iiil ^uaLc ^Jc JaISuII t IjaL(j 

: jJl <J£ 4ju*u1L P Jit J UJL I 


B ^ N J S i n e d 0 

2 L k 

B = COS 0 1 - cos 0 2 ) 


(20 - 40) 


< 02 - ^ i 0 1 — 0 J^UI U jolt I IjJj 

: <Jdii *— idJL I JiJj J£ < ji ULiil* JUJU 

NT 

B = n 0 . -iii = n 0 nl W/m 2 (20-41) 

ijj 2 u tdlj ‘ i iL^ toiToid Jiill i ill I jUlr.l 

: uJk <LLlj <Lb lil J4C JUJU 



<LLaJU * i-A ijlxj . > , til I 1ft j ;v .« (J_^la jJt <JLaJI ftjjk ^ L Jj-loJI 
B = iionl^aUI^JLaio^in = N/ L JI>Vl 

: (i- 1 *) JV2U 

jUI jLpJI IjU . <(>la jiftt V uM ijM <jJ 50tf tiau Jjtia ‘-iL 

S tj^x* |jJc ^uulaU*il jftjil I <iiC^ i^jLi t ^_ui 2 i ill I jLy . . jijtl 0.3 iiliuJI jJ 

: 

. |20 - 41 ) <1aI*ju 

B = JJ-o n I 

= ( 4 x 10~ 7 )(50x 100 ) (0.5 ) 

= 31.4 x 10 4 Tesla 


:(o-Y*) JO, 

-6 

< ^JUU > tUlt tjJ I J 1ft J % 4 10x4 lijii 4 ‘ " J^jUJ 

9 ftjjlall 1 1 kiw ia^jl . 3^jlull tjjJ 13 lijii ^jlj Kajjuuj 

: J 


• cr* 

I = ■$■ = 4 x 10' 6 / ( 1 / 15 ) 
at 


M^o 


2 r 


6 x 10' 5 amp. 

: jJk jSjil Ojc ^riixt a LU Il JUJI 

1.26 x 10' 6 x6x 10 5 
2 x 0.20 


= 1.88 x 10 10 weber /m 2 





jLjJ f J*“-“* * «*H<« (j~* ^ ‘‘^u*. 1 i^jl — ^ 

* 

I iiXui IjLu inlLiull J« *hjj < ^u L ^jjII ^ JL> A M^Ia ulLui (J^ <Luju ^ *!■*- — Y 

: jJk jijll jj£ ^ itk Jladl SjuJu (jl CijjI < j4ul 



8 V2 

L 


I 


4 L.^L(\a ^ V 1 » J ' j ^ « 3««j.,.. .«lj — X 

S^ojtnUatt JLmJU <jc guiAuA IjL 

Jj-lc ( «f iA«j 1 . 1*1 1 ulStjM.lt « ( + e ^ "> t~fc iy ) O&^iJHS ( ~ ® * 11 % in ) < j tp Stlj — £ 

6 

LjL» ( jM Jj^j 1 l a|.1_u %jill /‘i t £l IjL . i£j /jIa 10 X 2 <c.j+mj £gJaA> 

^)ill (L wrtlfil >illj Luj^fll j %jill tii jIjLi £jU jjj All Lj . S ijilj ^1 

S ^ < ii dUb L.tif (j< > t% itill 

-5 

JjAL L^pill llAji Ijj ■ >luu 10 X 5 jaj^U ^lulaLudtJl^l I *>A >ti — o 

I j) ^ *jill XajHi <jAjVI JLaJl <£>ill J^jLA. Lf k *Lau( 

S iaj»j 10 X 3 ^lillaCul^ 

j‘ . /.■ . ..t| <_i| 30^k ^i i ^u«10»jlai> lirt'tj ^ui40<|^la uiL ~ A 

■ * ■ — “* - uk £jLj 3 Ja 2 j oit^xiijlaLiAtl JLmII iSuii OajI • j j i «1 0.5 jLu <* jaj 


s *jy** 

IjL L^l« Jam « ^uui 8 <llLuu 1 * ( t»» gdjiA^j jl A t il ^u o^>L — V 

<LLij jlc^uuLLLXl (j Alii I <L»Ij£ JLa^l . 1 a| iA»i aLmjI ^ j^aaI 6 AjJJ 

^ I *!*“» 3iLull > LaVu (jj 


ooo 



d 1^. «ll L« < j “ A l 33 ijji Ijlu ^ui 30UkjJoJ 1 *■-*»'* till i K jj kjilj ^jUak — A 

cul£ I jl « & / jJL* 10 X 1.2 ULJI j & j*j jaj 1 1 (J -JI 

sttkll i ■*« (ji 

(N N ~ X • - ^iioVu Jifi (^lLwLi J^A ijlc. | yli Jj^la i.llm - ^ 

<ju <1 tl i oil sti^Yu jl P <LLilll lilft JLail SjJu la^jl . L lylj JSk J_>Ja — 

$ I l,jl I 


I 

(«-«•) JSCS 

Jl >11 ij A dAj] • I Ijljj J • ~mj L 1 1 <ltJ> J)L jmi Lu)di tilLuJI (j ** - N • 

^ L / 4 ULi u £JjJJ jjl^4 je Jill < P 3Jali Jit ^in i liliil l 

(jlii jlfll ‘lfc4 t.lLll |jt ^wli (j-uijVl ^ m i iIhI' JL I I JlaJLI (jl Li>i.r>r.l I jl ~ N N 

22 

(jl) < X^i^» . JJ i a | 10 X 8 < Lfi^ljj 
3500 Ijlal v Iwii »(j*i i ii VI Jja ^jilj ^ jLi (jt ^x»li 

$ Ljc lijJu <aL»j! ( jj L (jl uaj Uj jLiJI ixJu (jj^j ljl» . jLkjLSk 

Iju^j . j£jb*]2 Ou^u jLj La^oI <il50^Jc Lt^la JS i£yjAj> (jLijilj (jliL* — NT 

(j-* ^1 ^iaJ i LiAi | l.i>i*i 3-iLu-t LSjl i« t La ti I *> t jjli -*m 

(jJI La | iu <iLuaJl 3 im*il I <lni*JI iV ^ •« ill 3i(j£ Cul£ IjU . (jjjAUI 

* y^l I> ^ •**£» « V / 10 4 

I jl ftUoaiL <4>i L tj^ i Q mi R * jL2 ■ *■■»* <UjLc. *jL* (j-» <_>a>2 ~ NX 

ooX 




‘ill (jjlli ^j-c. CO <jjlj <x.j_uk4 Jj a I jlj 


S _>iil 


ooV 




nnfo Luitt ^^tjjajuot 


; j&A cu ^- V n 

jLlJI {ja 4 ifiV> otiu jj j J>^^.m Jal.tAl) JUJU iSiut jrU-AjJ jii • I t *i frj Li 

l£J <JWjJI jLajV • 4 ill^ • Cil*i~fc im JjAl JUJU Sjjii £gUAui (jujU y Ui ^JoLu 
(20 - 34)<JjU 1I . I jLu <j jj»j KLui jl^lj ^ ^ jU L U liJUJU 2 j*i 

: fjJk i*llmt) {jJk Z *1AJ ( ^Jc JUJU »jJu 


B = 


t-ipl 
2 n z 


(21 - 1 ) 


. d l. J I Uj£j-* jjIjJ J£ 4 i ^Jc ULuoulallill 

(^1 >1 tf. B JLaJLI (ji 2 71 Z SjjlJl yj-na JdUftLjA Jl (21 “ 1 )<J,il>d,! 

fjlc. AjjljJI if>J < J ) lo 5 k ( j&fcJJ < I jLuJI i^Ju Ijlc. JaAJ vjijJJ jLuoXI 0Jk < J*£j 


^jJc J*l£ll j liil <iUII iiUj Jj» 1 £jJI Uilc l/jj j dS <_> i ** L_>] I 

Sjj^uaII (21 - 1 ) <JaUH <L(jj> LjSU> B < «ji Ljj Lf-L^u SjjIjII 


BdS = |i 0 I 


(21 - 2 ) 


<LLl£ £&*i *JfjJ « Sjjlall ^> 1 ) ^Ull »UjI LajIj ^yLg JUJU < <y*i • <jl 2 £ Uj 

: Jlill^l a JAol 4 ^*j >-^(21 - 2 )*JjUll 

j B .dS = do I (21 - 3 ) 

jtm * Jjj* JL> *11 ^imaJI J*ljfclJL (21 ■ 3 ) <ljUll £yk jjuuVl uljJall 

jilnijj t-yjV.ll jji.TiV (^1 jic j( (jji.t ii* jLJJ jjli # Ijui <j| . (jU • 



~ jUafl <_iLuaj|j (ju Ijil ,jJj jiill jLuJ.1 ^ j i ii S"> i <i| j| i - *- Jjjjlill 

t>* j| * (£>“■" J-*li»ll ji ^JkLi-uj V — ( N — XN )jSL2Jl u-* L«-S 

<jll‘>JI a ^La< i. n <‘t dJ jj 1 4 90 < jy £» jJaill * itrfki < ^ 1 a j B t JLaJU <^*u <**j 



SjJuCilj^ |Iq if ( 3^*" * j("“*-* (_gl JLaJll *jJu 4 V>1 (j-laiJI Jal£lll 

, jLliJII I JJk ^jll I jUll I 


Solenoid U&a ^u-jlaLLitl Jlaull — 1 1 Y \ 

J l^iaV I ijAJ |ji CiUU I «UC <jj2u « N <jlii JJCJ L <|Ja LujjJ (ilk (jijiu 
. ( y — y N )J&uJLl£^* 1*^ *-ilLL j-*j Iq Ij(j3 jjl jjij i\i n = ( N / L ) 

Bo -t - 

A[ ' 10 Bi 



G tlo 



‘ ^ OlLa» J^Jo LjUjA IjI.iha JLaJU »j2u jLatjV jaxaI AJcU (jjjUlt 

■ B JlaJJ ijjui H-vlt ^U^ll 

^jLcuj i_illl JLaJll jjl jj < Lum > ij irtjV (AD ) jluJJ jjA (jiiVl *jaJI 

. jox«i Sjcli 3j t * ^*~ l fc* jr jli Jk. t±ll j oLil i Ijiirt 

. B JlaJ.1 *LaJil £a (jIoaUI* Ia^jI j| < JaI£iU lit A ^UjiAjV GD , AF jLull 

• i ill I iJ^lj FG jjiiVl #jaJI jJk Jl*iJI , Ua^jJI *jaJf 

j B . dS •= B / (21-4) 

ji Iq jLiil _jj— » jjk < (3^-1 jLuJll 11* jjiia ^jjJI (jJUl jLll! (jjSL$j 

> o jaj ^lll <?lli nil olil jjc 


.*. j> B . dS = |i 0 I 

.\ B / = Ho n / I 0 

B = jJ-o I 0 n (21 - 5) 

JLaJLI fjt (jfl i uiJll Jklj (j&A <Julj j£j B JLaJJ *Xii jjl lift 

. iJ&ljlL LaLaj 1 a kit a 

5j_ii Xa^jl j j t a! 0.5 jLtl i-» < ^Uil8 4>ia U1 1 80 ^'ya ( 'i t £jj (jaJjJ uila 

*1 <klju JLaJJ 

: J— aJi 

n = 180/0.18 = 10 3 /m 
B = ji 0 I Q n 

= 1.26 x 10* 6 x 0.5 x 10 3 
.*. B = 0.63 x 10' 3 T 


o*l\ 



( V — Y \ ) JSLi . tor oid ^ i iL J^l j JUJU *«u!u j^jl 



2 7t r B = |i 0 NI 0 
B - NI o 


2 7t r 

i^a <L>jJai lIuuII oLuII 1 j i n^f ‘ “ "1“ * B JLaJU Sjum jl ^ic Jjj Ijj^j 


(21 - 6 ) 


^iitl 


:( r - Y 0 jH « 

X^l jIxL^I < flc. < jl aj.Tuji J£] <j|J 35 <3 Li] jjx. t-il* 

6jjJi lilj^jl ^J&Ui^uoiaLLiXl JljjJI ^^ic. > n ~> » jjlSj < >-ilj -til o 

o 

iixiVl *- l ju L-alf. < v.tlll ^jk jLLI jLJI txui * '"‘*i . j * \j 1 1 [ jk 45 

.3L-3 10 5 X 2.2 <>jVl JUi 

: J _ aJ ! 


J-4 (20 - 40) ■> 1 •. Lr \j^liJI > il 1 1 (jijia die JL-U I 6 J-Ju jLauV 



: > till jlfi. JL^JU i±iM <62 — 7 t / 2 , 0 1 — 0 


B = 


f£o 

2 



B = H tan 0 


(21 - 7) 
(21 - 8 ) 

Iq — 0.01 amp : l jjk jLJI tiw jji jaj 


: <£j*1a CiUaJ* ^lc- — 

I' SjiL V Aajjmj dja kjj (jj -fc i»4 I ^Jc ^,injt->l*i«t,l JLaJ. I j !yj 


F = q(vxB) (21-9) 

jjl£j <ijU. SjJ cr fi «iUa^ * I J J LaJ. I (j* J£ »LaJjl jj LajIj SjJiJ I 6 1a Jfoj 

6jJkJI jjl (j I . ( <JiLla j j i*i V 1 | ‘ *^lj < m V «u ^ H <£j_aJI <1 Lii j 

> tlljAul I ^ »■ ..^.1 1 ( jjt ^OLJu Ja<uV 

(] 111 1 »j *11 1. (Jl 

VLa— 4 Jjjj < j l < »» • v <Lc jmj dj^JL 

(J il. 4 1 | L)4j.4j B Lk^IxA 

A^jiJI julj ■-■**■'* ^ ‘ • “^-1 1 1 « J *1 1 , | 1 — W ) J*-.H 

> iirt*i Sjil j -■ *■ l jle. dj Ijj F 

V‘ / l’ ) ^ <la«t • r U^lai 

: < <1 2>ll <1 jL*-4 

(21 - 10 ) 

. jLuIl jJoli t i rt l ul i n ^ (j S.aj t.| > 

(21 - 11 ) 



ti -^\ ) , yLi . 


m(v 2 /r) = qvB 


r = 


mv 

qB 






qB 

m 


(21 - 12 ) 


^ Nil I ot A I 1 i>T>ll JJ^U 6 jLc <VLlJ I tJi 

.v <ijjl.il I 3£j^JI <&jjjj ,jic. i_ft2jjjV (0 jjjll I I jji <*j 3 jl U>^j . ^i tjM tKinill 


JL^Jk Jjjit Ll^J.Jf. <ijjij r (*) t -> Ml • m-> (^f XjjjJk JjJ->‘ll <JUjJaJ I * jut i nj 

JjJLaJi ji *_» jLuJll jlaJ t .iirti <jjJL»j|j < SjjI J ^-i dlj-k *ij 4 1 « ^ j La ^Jalxt 

<ljji (jjj “*~^M «( j-kl M <>l 111 


± 

m 


coulomb /Kg. (21 - 13 ) 

li 

jkij^ jLS / 10 x 1 .7 59 o Uj^ IbU 4 a< util *xk 


: -t / Y 1 

h l*v* 1 1 q^kAll ciLumaII j* ^Lapw (jujjjl ^ » ■ ■■ » 

jjJj ^ujutaUM JLak_« ol »j >»>■%}! t-ili . <JLLuJI <ijjJaJL 


Jl y.* <Uujtljj l | It CxSjJI (juij < Ojilj cljLu^. ^ oU^aaJI Jj^J 



• tr * 1 ^ 



5 


N 


rrr; It - 




7 

aD , 


(° 




j* i jjljkwl j jtfcA j* ( o - T\ )jSAtL» tjUj Li jl+aJI uijjj 

J\ ^1 Xm* ‘ the dees ^ A L|*lc. Jjilaj (jOSLi,* ^iu>*il ^ < ni > (JjjlwftJlj fj I 


o'M 



• VfcUiV I 4 a11 I D uIja 4-tli tu 

i jjJc. L^jaC. B <!la»* tlaal J jJLj {fjj ^jaulaLuta ( j.t l n t Ju jdldll ^ ‘ A jj 

!jj ^ulUl JLaJll aLaJil Jj L < Jjjlll JU 1 1 * j.t <n <jJjuII 1 Lu\i 


D 2 » Dj Ju l a,t*ifc * < mt l JLaJll aLalil jjit L^J i/~> >1*11 JaJj £jj_ill 

4> djaJI 4 ta *tJ I Ojj^J I tjll L ^IJj jJj| 2[I I J laJl I j I Jaj i ti> CiLaikua j> 1 irt« 

jJ IjVCja. <SUa I AdA J}Lk 4c.^ym ^jurJI i_u. 

Jmv ! = E q (21 - 14) 

jiji»^ll Jl ~t>I I ji E « 4 ic.jmi V « *■»*-." (] < ^a-ui-aJI <i!L£ ^Jl m - t -‘ *•- 
JLaJll il*J I JjaV ^L*i*aJI Jj^J Jj i «j <i| Jaa^ljj tjdldll £/-J hSIjaJI <_> i ml I 

: U* j] 

E = -(dv/dx) = 0 (21 - 15) 

j_‘ ■■■*! t^jlj^kjl ■ “JJ < LiawJull ^ic jj!il "ilL B ^MutallaXl JLaJll d^Jujj 
* LjI I | ‘ ■■■1^1 d2 ^Uuj*aJI jjl^SLj ^III «U.jduJI jjic IdjJai t , L.-ft’l Sjjlj UiA.a (jit 

JJj4 J>£jj jUoitl ^>LS >■ ■ «< r >, * » (21 - 11) : <Jjl—*Jll ' D 2 t Pi ^1 <IUCil 




CO = 


qB_ 

ill 


i nr LfJjJa Sjjld ‘ *• — ‘‘ Jrt>a Jka < jJc Jj-a-L jdldll J-al ^1 ^im -all JL.U l adifi 

: ttua, t jA<iUJll *1* £-1*2 J*j oj^J 

t = — = ^ (21-16) 

v qB v 

jl jLmJD jlai > iirt' i yJc Jajll Idd jl (21 - 16) <L1 .)Ia1I J* ■1*^Lj 

Ad_Ju ^Jc ■ ~*j L*£ < ^JJ 4 ia < *11 4 1 1 <i‘> l jLc. Jadd > . 4 j£|j « £ a imaII <fc j-uj 

Jaj ,j» fLi ijij -t*t 4 E JLaJll JJjiqj B JLaJll lat iJa I jLi . ^ , m u tal < a ll JLaJll 



*1^1 aL^jI (jiXt’ij i Qyj <JU. < jUwlI ^ Ui J^aj] LjjLuuua <-Uj»ff£J I <jjjjll 

Ji A 1 1 u t iiT^ijj D | ^^4-ufcftJI Lfl* u^l iiiaJll Jjuii « L/JIall C£i 
<4>l.u >jL.u^ ^ i>,i jj « jl jjli E.q L*jl jJLa <25 UL (J j S jLj <jl j^jl 

|^)l ii|iiyll ji^c <ji*c juiJ < (jJjVl (^4 ijjlj i t i^'i (jlc. JjaLki D2 

jjlj 4 E q Olla ulxi*!^ I ji ^uuaJI Uujj < tjjJ xiuin JlS Jju 02,0,0^ 

^lllj Ll^J^I^ IjlwtA jlG i a .->11 jjl <->mJ I < <4» mIL jJojJ I i.Afartt 

<a.lg {ja <j>^Uajf tjii l| IaJU ^all oljjjll JJC ^Jc <-jjl|ll I <£j^JI <j»lla < £jdl j]l 

. T kJjifll O 


{ja <-a , ,Ja5 j L .u-> jJaJ > ti/u £gJl.ill jJai > iirt'i R Oul£ I jli 

<-ul| ill <jUL (j j£j V n1 )jk ^ « ■ ■■■*• H <_ulflll Ciilik lj|_j < a^jJuLia jl 


K.E. = -i m v 2 
2 m 


: IT* f. 1 -“ O ' 11 

(21 - 17 ) 


K.E. = R 2 B 2 

2 m 2 

= J_ q 2 R 2 B 2 
2 m 


: jjJc Jj-oaI (21 - 13 )<JjLkJII ^IdUuuLu 


(21 - 18 ) 


(^)j ill >11 jLuua Cuu <jU < m t y }»Kt ml I Ja£ JjJ-AJ 1 \j„) > i j&a\ J-<J 

<-5lia (J j 6 jtjjJI <LLil < 1 Ji>JjJj ^uulaimi JLaJLI 6 J_ku OJ4jJ < Ckilj jjai v t ja>'i 
. J » CI < u-u tj^Vi bXk , Lull jlmtl jjlj^jJI f Lij| j*- * • i 


: jVI — 0 j Y \ 

^ jta l ' <*A fjlc. Jju <£>aJI ijA. < Ux t. }L> Lui.« 6jj] (jit u 4-43^lJI J_fcill 
<JL>~* <,,, ->" 1 a J 1 > " i j < i_xlaJ ^Lij LfJ ^ L*£ I jlolx .1 . LfJ 



<oiiVl <*£>11 


lac ^o^-aa « ^AjVl | >L ui jjJc ,jl£a jji 

. § Jail Cjjljj 8 t-JljaJVI <^jlj t B h Jl^all 
5 4^jlj ^iiVl JolJU LaLauI j^La 6 jaJI A.tmalr>l titl S^aVI jjl jJi(j 

^jiljJLaJI JUjll ha 4 L| ic Jaga ((? at l udaLiii) Jljjll ft jjl l-*£‘ dip Jail lj>a 
yr^afiaLaitl JLaJJ <ln-> jh 4 Jaaaj Jj£a£j . dcdi nation ullja^aVI <<jljj ^auj £ <^jljj 
B v I ji L>B 1 j <aJuVl (jlaj£^>il oj&j ( ^ ^ L»£ B R <aoUj ^jaJijVl 

JIj^JI (JJ ' ■■! a J)l l a £ . <-oJLiVl <_a£jll l jlc 8 Jail Jaaa B R <jl k . 
J. a » J By i Bpj uU-a£>I I (j-» J£j * B R V I J 1 *> 1 1 i ~v "> 4 1 * 1 n i I ^aualalail) 
^LaJJI t>alaill £[U Jo-aa (^Illj * JljL>U (jiljiaJI <£>iaull ,jlc Jail <jjlj £ <jjlja 





B ji = B R cos 8 

: { jA Jl»I MoIaVIj <Oauljll ££aj£jll llAJ <JaaJI jjjij lillj y^lcjj 

By 

— — = tan 8 


o*\V 



(jit jjLaLj V L»£ < _>lai Jj-ijio (jlt t/ajSU jLLill £jLVj 

!ji • <IjLj ^^xc. 4 _LjJou 4-C.jj-oj La| I OjLj jxc. Lx(-fcxaj^j . 

AxxajVl 4 j *u> tl jJ-i^wi JljjVj .<lui ^*\ • ^Ijak Sjjjjl jijVI (jljjJ ftlaal 

Jx^j <UxajVl^,iiujhl ‘i»tt i^jUa> ( V — V \ )j£jj| iljUi) . £yk jx£i l ■ ‘A >* 

. il l tj ii <LxuiIL JljjJI 



iljx go^j^' JW-* yi SjjxAJt Cil a ) * >l l isjA-'y/yy 

: 6li Ola 

( j_i V ^ej_dbaj •> tit > lilj^n I aiir 

^..^w i«i Jl ■». . *L^jl l— • <Ljjlj J • « j *L&jI 

ftl_a»jl ^ <Lcj — uj < ,1 ^ >ii ifcll (jj^J « B ^ hii i> 

V ± ^ (Jly*- ^ v // 

B JL_ail - ( A - Y\) JSLiJl^i 
* 

*L£j-* (jit Ajjjlj <jc- f a * «» ?J I 



u-<t)j£ 2 . 



d * L“*. o <jjjlj <SkjA. i n-^ll jj i-t*u • V n SjjljJLI <j£jll i jjiTiV^ i 

. <Jjl*IL u InAi r LajJaS t.t^'i 
r = m / q . B (21 - 19) 

fjk 42£jaJI <j!£j4 u IrUU I >‘»i i B ^,(int->f *Ji t tJUJLI £_• SjdkliUA <£jaJI /i » £< 4 
4_m t\la. uJk £/u£jaJI £mLa ■( Lrfi~* 4 Cx}^\i V jj i aLVlto <^ljj JlaXI 



( ^ - Y\ )JSLH\jCj^ -IS JUlULJl 

<43 , atilt I ‘"‘I - ‘ ■■* ( _plc «Xlj (jj tU*i X4C. 

JLaJll Jil Ij « I <_a__JuV I £.4 <_4 jl—iJI 
ftjjk t _yoJu vJj % Ti J)| ■*•■ » "-j < <jAj^U 

U jj % 4 in, ,4 u* ol n J m -^11 

U-» £,>-XJ <J^L> I ^Unut-t l ‘ li t , I tfj-211 

i.iifk*ll ^i| ^iiijtrti tat I a . tJull i.tLal I 
t> ■ “t I * _* • --^l I i_j I jil I jjt ■*>■» 

<V u <CjjjJI <j £j^ (JajLjj Jjl ■ -Uatl 

^jiii^II 4J*. 1 * l|_A Laj i ^1-h 


CM ^ I .~.l ■ ■ ■ .. ~-ll lj£ft J«". -- U I >i.V( yiaiJI ^1 MhjC>^ 


. (jr^kill 


^lial *4 At I ol Aj 1 >i^l I (j * ^j|j £ I j^ao jjAjV I (Jja ell XI i yyijj 

jic ijukill jjc ^Ij&JI Iji j_uG j | ^ ^ * Jj ^ ■ ■ ■■* V^n Allen Belt ^jli ^jLi 

. ^» aJI oUaJuII aXa <j***d i %jV» (Aurora ) jiA J?vA 



( y^l\ 0*1 W-M SjJ-V/Y^ 

: 4-rUxjIaLlill J 

< JaIj oij (ji utj-fi , j ^( . ojt aLuU: CjJLa-o ji (jj - k . tn f .*, «»*. ■> viijaJL LaJac. 


: SjjjuaII < j-lc. F $jill a sm ^iijULuU jiVI * jajlj Ifl* *>». <Jc 

F = qE + q(VxB) (21-20) 

*!■***■ “ jjc 1 1 “« *i i Loren tz Force Vu > >1 F a^aJI tn lJjaj 

*.1I« La£ I - 1 '■ » ^^Jx. ^4 ^aC al^jl t| * dyfcTi < a J»-a 1 «."i a ■-•*^1 ■*- * 

X X X X X X X x('-- TS ) 

+ ++ + + + + + 

V X X fBvqx X X 

+ H •-*-+* -x-px X- -X— ! U, 

xxx lEq, xxx 

*-f')js£ ~~ 

xxxxxxxx 


oJjIaj La IjJ f^\ < t aLajI <*»•*- -Ml j »"■ ■ ■■* 

: <jj£u LaJac. . ^UkudaUiXlJ 

B vq = E q 

V = E/B (21 - 21) 

y ( t u' > j ^La. ‘U ol A j i ‘II ■> (j-A <i_ilj_ajl (jjJ juu <jJ E / B «Li .uj jljJLkl Ci« a 
Li-»l (_£l . v <Lc.j_uJJ <^_)Liu.a 1 4 - lf . ^ ^oi ^^ill oLk-t m ■■%!! cllj (g^ -uu < qJLaJ.1 

ol j LfK ci L a. j iu > 1I <j-a qu_A £jj j Lt^ l ^ E / B <un>l) ^aJLlL ^.L.~ ...•, 

Velocity selector kaj JaJ I ajji A * 

1*^ *** ^ j-* Lj-i ( q / m ) jm-^l l <l*kiti qjj h > mill ^cuu ~ i ~-“ ■ ■■* LaS 

-H3f ‘ ( ^ * “ Y \ )j .C jLl| (J i LaJS < III a vSC. £>u V 


o^-* ,jL£ I jl JLmI LfALaJil q E 5jJL crj^UI yu JLaJ.1 

. itj I 

Bvq £^JL < i ii i*i ^i.j»aJl 'jl*. j jVt 1IL B JL^J.1 

. v = E / B : jjjSu «. i...^ll uijajjV jjc V j^aJI LiA I jU ,^lci 

1 * tj < E — V / d JLaJLI isuii i'h^S d I (jru oLJU ojI^ I jjj 
~ '“‘^1* J 1 -** •"■'^l - 11) <JjUII 1 mljj • B^dijtalim JLaJJ 4 Xum 

^,.,.->11 

q _ v _ E _ V/d (21 - 22) 

m Br B 2 r B 2 r 

fcjLul-* Cxfia i ^jufcaJI * i it l JLaJU Ja£. i-iLLL r iiaScM^j 

| \ \ — T \ J^UI j I 1 (jk^jaA Lii^i tji I J jjp » iju^l J*> HI 

4 L ► 



J< *1 1 2 . ... I*, a , 1 1 1 . « ■* 1<C jt| MN i uv 1 1 ^yljtl %AkljV I 

: <Jjl*J.I ^ 1' 

OS = MN 
OC ~ MO 


oVN 


tan 0 = 



MN (21 - 23) 

^jJll (JjJb tfl « JLaJJ Lfxi jl^j <ikltl J^ia OS 
• otjLJI JLoJLI Cj£u < ■‘‘It t i/ulfll jL^_aJi (£* ( jJk MO <iLuuIlj . L 
■ ui l^auV I ^ i<^t jc <iuiijll <^ljVI <Lui ^jjk MN ^jLioJLl^ 

Hall Effect JjA >i-A/Y> 

i til ">»i — < *l »4 Jl ^ » jjJ* jLu <J JAJ jjx. <il JjJk J^j 

(ju ,1| A. l lull — Jj^jJLI jjJ* <~i~k it'll I CtjL*la» JLaJll JlaUuj 

ch» j£ JLaJtl OJ^i) ‘ <;J] <Laujj JjJk <uia|ji Ji^>l.l 

Bz . ^ jUI jLllIj JLJ.I 



JAJ ( NX — X N )(Ji C Al lj< J >ll^ — JjJI k^lia JJ I Iii >(j 

< <U.Ij >»l 1 cAL«L^ ( jc Um n ^j^ll jLjjJI <- 4k> xll > yjj^ jLu 
> 1 . > i til (_^oju ^o ><5 5 >^JI o U k I (jji nill o^L^La. (jjili o I jiiJ I <JLh 

. Holes ■**•»- ■ * ci^LtLk. o^Lua^ll 

ij'ti'w i «(‘it » mTI o^Lktak jjic. ^^•x.^.ni j (tr>LuL>|Jlak^ £-1-03 .lie. 


oVT 



<lLsh jj-i-i < ^Uiii jl L/> j j ^ jj J * -yj Lm < JLaJJ j u .*M 

j_t i<~» J jjjLllljU i t ill ^ . U m il ^JojuJI ^jJt Lkj^SbjJ jljjj < (J^lj oUi^VI 

(JJ^i Ey Jl^tt (jtSu <Ic 1 it j Li Ia 4 < ^li.nll 4t mil L gtiaJuJI 

. B z ^... ^U l; i ll JUJLIj V x oLyj^JVI <«._>** *IaII JS ^^ic. *L^II yi 
jljilml <1L* !jJ| (J Irfii jjjLa. < CjL^Jjliiy I Jnl jlj JLaJJ * (in J*"ti «|J 

jLjI • ^..>*laLJJH JLaJ I _>_uC (^11 JL -jJl I j-Jill LajI^ ^uLm *ij 

‘LcjmJ ^j liu * I I J yjj^l I (^vJi ^ 1 1 CluuII ^j_jSu jlj I <ULa» itc 

:u1tf1«(21 ^lya^JolAj^VI 

v x = E y /B z (21-24) 

S«ui *LaljS[ oll^J < (J-nojII J^lj ji^a^aJI Sjl^j ,ji I JJfi. (J-* n Cul£ I 

. oLj*Ill jj <5u J x jLllI 

J x = nev x (21-25) 

(21 - 24) <Jjlidl 

E = Jx B * (21 - 26) 

y ne 

: iua. R h J>a (E y / J x B z ) <j«JI Lf A^ 

R H = 1 / ne (21-27) 

* <Jj L lII I Ot U£J I A 1 t ol l |. £ 1( Jt ^H L|-ju i — 

. I I JlaJI 

jLu jljJ c* ‘ (JJ4 CfiJ R H 

.( N V — Y N ) JiLUl^ l«£ * (yaJa^u ^c. V JfaJI Jji 




ivr-o)j££, 


j jl> f jj-i Sj^JI pi l-k .tj I <Jl \ ^ < A i S !J Irul L|j| ^.4^1 R (juLlJl 

. <LlLu* jl <^a^4 »*JI CL>L»La. Cul£ lj| L 4 ijpJJJ lfj| la£ < (n) 

:(i-Y>) J\la 

• 20 >jji IjL] J 44 ] < 0.02 I^L*u(j ^5 I^ajc 1^4 <aj^ui 

3 ui i f ill > < T^k / jjljJ 1 .5 4jXlu JL^w* ^ CUU^J 

<i(i£ Xa^jl . JL»^i 10 X 1.1 jjJk <jJe Ji (jl Xa^jJ , <aujJuJI ^jfr ^j^4X. 

9 <i-h.iill c^Ll» 

: j-*n 


oV* 



.B 


dJ^v = E/B<jj£-( \i-YN 

• (21 - 24) <JaLfc* 

n Cj^L L. <i ia <JV Jj J LjLull <itiUI i—ij yu 

J = n e v 

: jA L^j jUI 1 jLuJI JjjSLi A <OhLuij> cul£ IjL 

I = n e v A 

- — | r ^ JL-ll uj^i t 

* v E = V / 1 

aJ&i (21 - 26) V £ 

, JB IB 
ne n e A 
I B t 



f'4-O) j£2, 



n = 


eAV 


n = 


: ^jJk lift jjJkj <ia»Jal I CiiLLi <»C£ jjl Jm (jd^yulLu 

20 x 1.5x0.05 (21 - 28) 


1.6 x 10' 19 x 0.1 x 10' 4 x 1.1 xlO 5 


= 8.5 x 10 28 / nr 


: (The Mass Spectrometer ) 4H&JI uiLixi Ajjiai —^/1\ 

1 * ‘» i < Ij^lj LajJc. jjjSLj j^a(Ll)I ^yeuui oljj Oj-aJoJ I 

jljlf <iLab 4>^>ll » j 5 jjLtilllj ofjjll *xa JjL« ^ <l i ii\j 4 Lajj_c 

(jMLwil l jic. 4 fJ^JU jjc Lf. iA«( Cll 0 1 III ^11 &AA J-^il <tj£JI *■ »l ...jj , 

0 lx. j*uJ I tl'i * ^ic. ^(£1 1 Sic. I tali < 1 1 Ld 4 1 1 jlr ^jj j ^<1 1 LaJ, | 

■ ( V_r ')tr* 

la^jj < CiLcj^mJI fl jLf-^ Jj-ft Cl l Aim -Til l £^ii A ^L-Jt. JLljl jjc 

(ji . fa b >( \ o — Y N ) jlxiUli B^uujlaLLuj E 


oVo 



X 


x XXXXXX XX 



JL»_» -- 0 4 tl>ll Jj_)i I ^ > Ul I III tfill ji i V C[ X 'l^ it, Ini * 

jl ml I jiai > lirt'i i^ii > Ljjjl J i*i +S2jJ LfijA (jic J-»_B-i B ^^-uujlaLjAA 

, m |- »■ <lj£ 

* t jJk CajiJI iy* jaj ^1 ol oj i u^l 1 ^J<r^ 

v = E / B (21-29) 

: jJI B ^Hjdt l. m i JLaJJ <J^lj jJni > CxJ^i 


m v 


= B qv 


r = 


m v 


q B / (21-30) 

lijJa v t-iil^l I ^jlll ( 'jJc mi *^J I LfJ ^jJL*A£ (joJ I <]aa11I Jju ^jl 

• L >1 tffl 1 jl*“H ji»* 

<tto#(21 - 30) < (21 -29) tfJaUli o-u 


q B B 7 L 
m = — — 

2 E 


(21-31) 


oV*\ 



JaC dlj() < L JaJI LjkjJa v-iJUiLUj (j| 3 JjIaLI kji (j-» 

(j6 ^>1IL ol.tUt^l ILii jju <JV>u i m>ll 3J2* ^.Uji j . i.moi j^Ul g^jjj 

. 0<x2ill 


JL*-* ftSi» j>-*3 ^ JAJ lilk. ^le Sj5>J) »jj it_^«/n 


j ^MoiaLuM 


4 ^-U4_»JaLii* JL-y a ^ jLu <J dl m 1 a.ltf <j) Jii a I Sa^j 

a uill » sJk tLxSl ■ Ija I jl OJSjjfc ^1 ^ j If j!^y < j</iKj 4> $jJi t im» 

Li.uLa (j| £*a(jj . «*ll » m! I fjl jl j~ill fcLatSlj ^o t^ialS iU JLaJJ *lx3l Lt^ax 

. dLl.JI (Jxlj 4i% 1*11 o^tlli i^i] I * SJk 


j 4<* tall I JJI ijjl — ( \"\ ~ Y \ *1| — U£ J [ml I £y* d / IjiaU 


dq 

X x 
X X 

X X 
*“ > X 



: ioa. dq<j*MiJI(><xa£ 

X X 

x B x 
x x 

■ x > x 

X X 


(n-?wjs 2 . 


ijjlj>JI ^jJk 6 Cut£ I j] . I jUlll aLajl djaJj <La^>ll CilV-aiiJI (jl jlxj£.li 

: yj yJc ij!&ll <jjfi 4 E JLaJU <aly V <xla 

dF = dq v B sin 0 = I d/ B sin 0 (21 - 32) 

: IS Cilfakla 3)jUll * JJI <alj£ (j£ajj ■ 


oVV 



dF = I ( cM x B) (21-33) 

<JLa. ijA <ii . i jLlJI jaj itu.7fc tiLL-JI »LaJil ^ {jjSLt d/ <^3il 

^i nvll (21 - 33) <]>lLall 90 1 . 4 4 -Iji ajfc JLaJ.1 £-a d l. J I 

: ,jjk B JUJU jJIaII I j 4 Jjiall (£j faSLuJU iilli iJI ^^Jc. AF ^jill 
A F = BU newton (21 - 34) 

: t'fillll <a^II jJI Sjcli fJjVjjxL ftlajl juj^u jSJogj 

<*i_JI xjJI ^ LfiVI « <jL^wJI < Jbju^jVI : ^jUaVI Lij^lx.1 I A I 

till 1 > 1 1 1 (j-i jLlIII ftLaJil jyjj j \ iiiij Jbju^VI t**jl I jli^) < jUVI ylt ^ f ‘l <1 J£ XoLaJu 
i jill ftLajl ( jJ| ,V>j\f j.titij ^L^iV I jU < u tii ti L uit ) Jl 1 1 ftLaJil ^IJ jj iM <jLxiJIj 
. j^i L* I j| <ji iiljV» (jl 1*1111111 tU^V I < F Sj^j-U 

: (•-r>)Jll4 

< 1 >2 Oxi ^ tu jta Lu U JU-* ^ jxa 0.5 <l^ia m tilJLu 

Xa^jLi < j j > *| IOjLu >*l ImlL j-* Ijlj . JLaJU *Laul 30 3^jlj » l -yil 

$ <JLe. *j!&ll 5jill 
: J-aJi 

F = B I / sin 0 

= 1.2 x 10x0.5 sin 30° 

= 3 newton 


: (n-t>)jil* 

W • ^ jAj (jj Lilly j^l 1 jLu JjVL jaj 

? JljJ»Vl UfUj Sjill fwuilOUflu Xuil 

: J-jJI 

4 junU Ludl oVLaJLI ^j^io (jc Uj ijtMt ^Jic. ( AC & OF ) ^ I < « 1 1 J£ 


oVA 



. ( \V - Y\ ) jSLi , JS, ikpJJ 


X 

X 


X 

X 


X 

X 


X X D \X 
X X b 


1 

1 


X— X- 


D 


X 

-x- 


X 

-x- 


dt 

dT x x 

x — x- 


X X 

I c 

X 


X X 


XX XX 

(w-o) 


I jjl < *i.i . <jlc Jj^ >.*.ll»»illi lfi> B^ ^jlull tllliiJI JL^Jll jjl 


B' = 


J_ 
2 r 


/ 


(21 - 35) 

dUI li*Ul« j'l t 

: ijjk I jLjUJ tilLJI {ja d/ jmlwll yJc, 5jill 


dF = I B / d/ = 


n 0 ir 


d / 


27C 2 ” (21-36) 

Sji (j^H) < *LaJlVI jjuij Itjji fjljLOll fjIS IjJ <jj(^ yjiLJI £ju i^ill 

. *IajVI (jljLltl jjli I j| 

: (J Jk Jl^iaVl ija^l Cjt£LuJI ilrU ^jill 
dF 1.26 x 10' 6 1x2 


d/ 


x 


2 x 3.14 


0.1 


= 4 x 10 ' 6 N/m 


o\^ 


: ^ >>11 -> > / Y > 

vJI 3 J)C gill v“*-* a '-*** JW~* > Ur* J*i * i ^ fc “ > ^JD*- 

i jiUI ^ *lA , IS j-aJI Ijj - UlljjJ ^ILJI 4»>Ai ^ j4_v*gljJjl io^ 

, j^tllijilj jj^JLl^ iiij^tl <£iilfLiiJ ij|a5U HiuiUuVl 
JLaw* Lj 4>*C £>_ia^ < I IjU lU^^J l <(pa Jlui jit <il o’\ 



• 3 

(21 - 37) 


» . t i n J£>w> (jic tdlwjl (j-» SjjX. lixojj I jLi . I 14 j^lfc Ljj,4f *>i]l 

%^DI I *) Si < JLaJU ,ji jLuJI Lfi j*j ( VA — X \ )(j&uJb£gull£ gjj-* 

mu. 5>* iJLlA jjjii I 4*m < (jJcl O I ijlc. Li^juc. <|ai« db ^liAll (jJfi. Sjll^ll 

j-jiTii o^i > .ill I jjljjJ i^.fcA».ai U* * (JJLitil ^1 LijjJI <a ^ic L^y-f. cd ^1 irtll (jJc. 

: >>* ( ^ A — X N ) JSLiJt <m a l * J 'y* M gljjjVI £xJ&ii * g^lill jrljJjVI 
M = F hsinO (21 - 38) 

<iLJU ji h sin 6 jjl . i >11 1 JIaJ. 1 *l^il ^Ijll (J Jk 9 


oA« 



I * in / i * |V* « cd & ab ^ulLaII (jCj^yLl F , F qv^ilf tju 

> h <|jJa >i. >m »t 1 «_uIa)I 

M = BI / h sine (21 - 39) 

h (jAjjJI J / J^Joil A waJJL I «?^l.<i>>j 
M = B I A sin 0 (21-40) 

jl i 1H JaaLa Kib *j_>-*1] ^^ IoLjl U ulaill jilij Li)jC (jl Juu 

fl = I A : jji 
: >* ^ o£j 

M = (i B sin 6 (21-41) 

: ifltiJI J^imIIj C 1 I 4 Sjj4A ^jlc. 6 JJI 4jIj£ njj 

A ^ A 

x = |i x B (21-42) 

A. A 

f j* * M- •jlW* -h>^ <> X tiiOA. 

JIamI jl J\ *Laj^I JJ-aj < 5jj-*JI (^j l . m Je. L^ja-c. j _“ “ jj < al l 

JxJU <itl JlaJU(jl (j^x" lx* C*^*AJ ' AJD-^I J jLplI *Lxjlj I xJI SjtLi 

. JlaJll *IajI J j j w f iJ ( j i ii jln Uidl tyJnill ^pijj (jl jjJ Jc. 

* * * 


oA\ 



{jjjJuaiSj J^Lu4 


■ ^mlOljljJaS <a|1Q0 jifc tf j “ *■ jj j j j, a) 0.5 Clii jLjj <j yu fc.ila — N 

^ jS^Il ^muiS^ju jlfc t il I SaJm I 

<«i jUi jUJ i Sxju (_• , <ii200 cui j^c. ^uJOjii* « <!• ji«kS ^Lj — y 

S ^1 nu 0.5 *jj2 V Law* <Lklj jil 

<J jAjj < UI500 JdX. jjift 20<J>la <-ik “ T 

(jt&c. iji <Lil 1 50 o* oJ^i uiL* ole. uii I jli . j ja al 2 jlxi 

^uLLUti jauII <j(li£ <.nii ~k I . JjLJI jUJI jul <j > ij ) < J^Vl vjklll tL^jl 


van oib 


jluI 20 < lO^lu Ciljlu ^ui 10 oLim Ladljj ^|latl"i in* * -- 1 — t 

20 J-* 'V j tfdll I *1 LJI y* JUi»Vl ixaj ulc. ijJUl d-a^ji . jjjjLu^La cgJlLaal yi 

Y dlLuil yjft ^jill *jjk jj£j Ijla . j4xa1 

J^k . iluu 10 yk jLj <j jju Ifjlj} >JlL> JeJj JUI1 - 0 

<ilui_d (J ic. ^ < ut-i Lmi JlaJll iiw . ja^al 20 jU <j yu JjjjJa Jiuu 

Y O.Stjki * >irt*i JU l a If < Uklll jj*w> Jpt ^wui 40 
V la*a Ja. dJ JaJji 10 X 3.34 d+A lJ^Ia (jj SLmll ^y> mm i w JaixuJ — *\ 

Sjjldll jJad > i i4i‘i dA^jLi ^Luij 0.5 Jkll ijjlt Ciil£ I jl ■ O If L^ac *j **■* 

Y UKD ^ 1 I 44 I J>a^i ^1 

-27 -19 

| 10 x 1.6 7 10 x 1.6 <iaMaj 

^-ufcJbLLill yajtiJI <iLj£ , y^jll I ^jJc ^au 8« 5 Lafj^lai > (jljjjfd (jliLa — V 

d— a^jl . jl Lull I fjuii L | i I yu I altf <ljjl in *> .a ( .a |ta yC gJilill 

Y la^la J& CiUI Jdc (^U ^ >1 nill 


oAY 



-5 

IjJ . JUJJI Olajl j 10 X 3 aljlooiVI Jaa> Jac. uajVI JLa^* — A 

L*1 < JjLuif L-ujIj OlaJjlj JX* / lOO^fkijVl ja. Jji JUil ,jl!£ 

<-l 1 c- JjUill 1 (jl uaj jllI LaL&jIj Ijl jJLa <Lc.j_mJI { jjk 

2a Olio JjJla £_Jj_4 I, tU jjlc. <klj JOC. ^ la lllll ill <jQSI (j| Cljjl — ^ 




4 o 

4tc 


8 I a 2 

( a 2 + x 2 ) ( 2 a 2 + z 2 ) 


weber / m 2 


• joxaVL J Lilli till I < jjf. <JaJjJI JJLi X itiia 


5 

Jajjl ^*i t y o£J j 10 X 2 t|"«l L CL i^ltiHi'v f lii i V » “ Cilcj-ui ^j<‘iu jlfa. — \ • 

6 

10 I JLaJLI * Joli Ijj . <itt ^ a O lilla Cilj Cila-Lio*^ i a-fc t £^(juJw ^y* 

^ m i b lu II J1 I tiw Ole. jl > - 1 IjUt ^ia / 

5 

B ^.M>.». b l |M JUw* <J IjAA J^JlJ ill / jJLa 10 Ul )l JiLa <£. ^iaiJ M — NN 


o 

JlaJJ £-* 30 <jy\j *Lajl IjLi . ^Luu 0. 1 4 jJu£ 

S <xa^ <2 jjJcu ) jimp i iiAl B 


IjLj <_il 240 <j iUj^UI ^ j v> i .ij(Torroid •%x»*)Ly*^ * * 1 * ^ ^ 

4 

1 ^ jajlsJ|j j!L» 0.5 ■ al*.lt ^j^ljJI jlolll i .* igaj Ijj • jj t •! 10 X 7 .2 <jiil 
Q ^ al.lt yliljll ^JaooJI Joc^ai^loLLaJl I JLaJLI Sjoli Ja^jli . jla 1 .5 


oAV 




y*ula\iiujj4Zl\ £iail 

( Electro magnetic Induction ) 


: ( Faraday's Law ) <£b(jl£ ljj^j Cj) jLjUJI — ^ j tt 

{j* * Lj^SLI I x*{jj <ij_>i*l <j l.iLli^ I jjk i3^U«y I jb! jli lJL^x.1 ^ji! ^hSm aS 

(jqll X4J <J -Iil ^jj-4^11 oljjjllj j-^IjujJI Jax. 1 f jU i « .-.VI -s-tl 

• J-*t l^jlf ^‘»ij LS ^ <u ( )f2bjl <jUa 1 L ^LuaIIj 

ijilj jjlkj c/ lll^. t .^>bl;;U (^>i)l <4>LL jjc jjJu Ijj <j] (jbljli J 


jlll >U£ ^ JjMLJIjaImI I jl VI l i n n jnluuV < I CtljLu IfaA d(jjj 


X Bx 
X X 



• ■->'htl ol jL^jl <LjjjGIL cJjLlII iii <_i . ( | • t>s* 
JSLUIjj^ -AC J_> dLLti 
L^j >/ ^Lii t «- » v <xj < >ii -*'j ~j — ( N — Y Y) 


X 

X 

X 



ij^l j *j_^ll o U jj ^ i jSILu . B juisluLi » 
k Laj I t F — CV B A ><Mjilril >»< $jJLi ■*! I . -•! | 
dlLuJ I t-ijia ji C1I 44 ^ V I ■ i lj * diiuJI 
1 C t-ijLII die oU^bull LSijlj A 


('-co j£ 2 L 


JjliUJ Uiic > . ill dll ■ <il I <J^fj <JLa»* 


LijJa lijj . lull Ijj jc dil . im'i jjlll <jjj.|^I I ijill it Ul : 1 ! | ^i|| 

(*1 JLsJLI j'fi dliuJI *Sja jjl ^ I 1 jlnj n w i t j*i I in-h ll>i dll 1 11I I 


. <Lu^ uilj j 1 --** 1*1 4.1 

ijJi jjjIj ciaJ £jj L^li 4 dl 1 1 nil J^lj djAi] <1 lik.it * ( \ 1 A j-i I jjj 

( 1‘ILJI J^i* J / ( jA dlLJI JAIj L^fljaJu ^]ll iiLJI diil^ lj|j v B 

vB/ ji J^UI lUmII 


0A0 



E = b v / 





: oAj 

(22 - 1 ) 

(jAj.aH jJk B (jlj < 4_m1*JI ifllmll 1 1 «h nil^j ujl I 3-fcl mt I i jJk V l jl JLa^Ljj 
iit I jj_ c B v l »*U 1 JIm tdij < <1— shL-i-ull S.> .~^j j'jA ( jw «V» Iaa 1 1 

.4. . ...^Ul :: 1 1 I J^jJoA. £-ki Jjaj < Mjj1j]I ^ vlILuJI l+aJaSj (jllI 

jl S x i < AfL (JmjI <j| li* ht^lj (jl *.»•> JJ 

4_«_ilj]l >1 1 <*>it \ ll riJjnrki .jl I jJfc liLLJI (jjfkJ 

(jLi L* Ijj fjiwll juit iLj jf[|j < 

JiC.* < iJjajII jji (^MwJsLjil Jl^JLI j.tijtj 

ji aui ^ JUijI Ji*_i . ( T - YT ) 

( ^u ll ^JaJj <1* <^lja»l jjfe 

<ailj Sji dJjj jjjJjj < > ill I 
ji ‘jijjVi *>ll qIjLljII j.fUj ^sfll (jt ^ ji dlj 

• ^ 

LjJj-lA fjtu . I <if LuojI jfk jJLi jjXaj 
jii i <jj jYl *J I SjAliall » jjk <jA j^Jwj ( 'j£l Jj4^j 

oI^jjVI (jj jLu Jjijuu iLi* l*j}Lll <JL> 

<jjjj*G <ojj4^ <LaaIj * Jl jfc, j 
4>II < (1^ 11 1 i . l l I I 4 J » 1 I* (jJfc 

, ^itliiJ.jjit^ll y M »« lr>L‘ >All 

(jAjjj ole Sj^jju jbljli LL&j t 

ji l£ < jjili ^ <M* U l i fcjJt ^ j ji 1 >U « IjLjj 

(T- CC) <j££* ^SllUilJl^ill^. (r-TT)JiLUl 




ulll 3 a.Uu 1I ^Ut> ^jll < 0 ^ >■! I jjJu JjlsJL <^jLaa jLwJLI 2j(jlll 


! (jl (fi • jl i m . 1 I I 11 ~J 


o 

dt 


(22 - 2 ) 

s. — . i»i ; 1 1 1 I I^jU-fc tUjI ^ilLu tjtiaj ‘*‘* '-*j 

> i a I (jl£ I jLi < ^1*^11 Jail * Jje. 12 LtJ,i aa jjiJIj i <Lj_uLlll 3aj^|23l LutljJI yill 

Ijj * jJI £jLu»| ^tL #liaal(jl£ «^m» tl^al Ijj < ii • ^IfaVI 


. jLkJLI fji ^j^jTGII jLU I * Loaf 

(j j£a jjjjcj < <aa^a & Cul^j<JLa ( d 0^ / dt ) Cul£ IjuiilVt JloJU (jl£ I jit 
(d 0 A / dt ) ,jU lj]U. (r-XX)J5^L^L*ij^l*U3i 

jaa <JlaJI * j-t ji jj jljJI jlalll (jl ^1 < <alLw< £> UjI ^Ja J < rt -fc \ lilljjj < <iO(ja (jj£j 

. J^i«IL Ljull aL^WI (ji^c 



<IjUlLL ^^iaju A <jfc Lul l (^jll (jAjkll (jl 

ds (22 - 3) 

, j *. j m 1 1 2ll,~ HI XiC. <2LlII till! iji (^M»* ial »* l l Jlail SjJu^A B ‘*-j— 

: ( Lenz's Law ) jii o>2lS-r/rr 


j|jIL | X ” XT )JSLU| (^1^ da > <!• (ja ^ imj ULlaJLI (jJI aitJI (.tin til <_jl_yail jk 
JjLaLI i rfnj ig jil * till ( ji JLxi l» y.‘ “*.* * til I ^t jLu 


Jua jlljj^j . >,tlll (^yt(jM< U L>i,ll J^aj (JJAJ LI Law* LLi jiuJaLJUil ^1 »i*JI ■^■LSlt 

O* tf>l*ll (jl lU*2 « Ljo TG <*tlj 5ji j|jli uilll (ja j*JffLUll(T.lj^j 

. - ■ t«l t i ^ 1 1 ^11 » ■* H ■ ■ l~ »l I ^ (|i( J (Jj *■ ‘ I < 1.. ijj . \ •y 1 i t Li ii till 

tlaal i ji laulj (jj£i Ljjola <ojL1I 4jjj |^ 1 1 <a_il j]l ijill (jl ^Ia jit (j^jlt (jojjj 

(JaAj {jjjThll jlojJI (jA £jjJulall (j^kaJaljill JloJLI (jl . I f V ia I ^jJI j j«*> ll (_ju£liu 

. jLllI >l»Ja| (^jll jaiall jl <£_>aJI iio^lAa^^lA 

YT)JO. 

^,..Ut (jj ■ ^jl 10 < ~t ^j l ft <-Jj50 <j|_tl JJu^j Xjk0.02<laLuia utla 


oAV 



jlc <1 ^» ill Jc^jJa^ £a l. u l «*u 4 u (jjSu i^tiaa < jo±£ 

> La^)l . <_ uLU ! (jj ^LuJ 20 JjJLAJ JLail Yn «<ic jlxlll ^Jaij ^ j .. jLI *. i , 1 1 uiULj 

• Olakjlj <U jLJI i±*%j v till ( jj < ailo)l £^£l I 

: J-jJI 

0 = N A B toil I jjt.ajLiliill (jAjjjl 
(jjjli jji u Jl ? tl iiUi B < ^i&Lua ji A < t >11 1 otii Ji£ N duak 


d0 

dt 


= -NA 


dB 

dt 


= 50 x 0.02 x 20 = 20 Volt 


• a 

(22 - 4 ) 


. ? 20 . 

1 = R = 10 “ 2amp ' 



I 


: >* ^ 0 -* 

(22 - 5 ) 

jLliII kL^jl (j jl I I SjaU (jj jUn 
v lUd 0 /dt j,l jj. ( i -XT )J££]L<**IL£ 
Sj-ill (jj&j «iUjl « u miUl till JLaJU (jV 

jjj idi j|j < ^jjjjILsII <Lu_>f^J I <*iljll 

. *ImVI (jj IjLj SjjIjII 


(£- cc )< j £ C *» 


Jjblill £aJtj doJUr/YY 

(Self and Mutual induction ) 

(£ jl I < jala)I dljj 1 1 j*i j j « ~> j < Sjlij jL* uUjf£ jLu jj i ~>j LtJlc 

i«u& ^^okij jl 6 jLj jLuaj t kill (jj <Ljx»’G Oj»Ij Sji jjaIII «dlj (jc 1 ■ V*jj < o UiL 


■ ^Ijll S jjiUill *uA , jluJI 

. aajlll jLjJ I jji jjaj £(jJa. <^lil > ill 1 jjk k.ill jll (*>■*] I (jl ^ I 


oAA 



« . * 1 • J-aju <1* <il I vJlU jji ^1 jJI viiaJI £i.i ~>-i i.ij^ |>| ii 

jUi d(j-jj fjljlli <A1IJ jjj jL JI 4 • j i jjiTi l a,.U» i . (jljjLau (jjJI <iil 4 miilL 
jl _>~i II *LauiV L*ilj IjI <<•> * jil »xcLD L*4j oLail Cxi^iy I 4_ilil jVd 

jtull ^-Ui jl Jjii^jj die . i .il 1 1 fjJk jUI jUJI jUoJI ^jlL dl)j{j « 

iji LeaJjdi Ja «<nj jl jLiJI jAijf K ^llill ^ijjl Joixrti ( 0 — TY ) J£Ju SjiljJI 
jLl' I JV - » • I jl CilLi-fcl die . i. il 11 i jM jLlII jtj >* j>1 nil j‘it jjJjV I oLLiaJJI 
Idfi (_J>UI -4>La ^kL , ^Vl <LiUI y jLjJI UK j>e Jj-iLi Jla-a 

. jli^Vl jLklll »LuV Lbu^Lmt L>K4G Ijloi l^ii < < .ill I (ja <ailiJI <iill JlaJU 
J»1 duJf Jjijla jc * ^.*lt*JI Cu#£|| Ouljll Ajdlf jl ^1 . oUUI a>l <J-uuiJL 1.1^ 

. wkill ^ jLull jl JMJ joa'C if le. 



^Uill die ji>iill j - ■ -~** jluJI ^dll <jajll (jl ka^UJ 

die <Ju(kJI <2ajJ jjll jX^oJI jja <jji "imj ^dll (jajJI ^.nailL Ida lj jem j jj u 

1 1 if fkili <ila jji j^l ^fJ ly wtUlU l (jA> ill jJu Jdd jjk dIJdl ^Llill Ini iA 
die Cu^ SdLe dlld{j ixj-all OJldlf ^J-21l dUd-2^} Jxa^lll 'Ll La 

. jLill ^Li IkJ die K luill ^jJa 

jaJu JdJU* £-» L Jjk K m Li & 4 j *>ll Ouildll 4j-ZJI tyiml m (5 1 -3 1 jli (j* 


oA^ 



\ ifi\i v till ^ Utj (jaaaII jjl U£ ( d 0 / dt ) () y« »* lg l»i l l <- ^ Aj all 

: jjl (j\ . jLJI i±jui q4<iUjj 4jJ I j Lilli ) ty i jc 

g = d0 = dl_ 

dt ' dt (22-6) 

oiloll \)i)l 4iU < >.*1 a 1I ^IJI ijnJI lIju i.mmIjS CuIj jA L> Cua 

Lyl_Mi_* < j tulJli jLill ijk ji i*i JjjlI <t j *i » oJUJU^i So()lll 3 J* *fcl I <jjj 

. JOa^jU 

1 volt 


1 Henry = 


: «tua» Henry ^ «tiaJI »Ja^j 


1 amp/ Sec 

iji o^lj Jjulaj >.iL jLlJI laj ^oll &&JI LpL (^jjfll So^aj 


. O^lj ia|ji Lfjloi* ■ixijfi l«il J $ji ojJjj < <u£ll 

ut ,‘j 1 *' - alt mutual inductance JjLl* .tu^. L*oj 1 Uil. 

. ( *\ — TY j JCAl l^ji La£ < j4«li jlvj Liial 



Ouila 5>i alia tj& a()’iii < S < > It I (jj-SII I I L y%^ ill 

(jJi (ji-aJI jLtlll »IajI jj . ^jloliVI vJkJJLI jLj (ji jjjlIII ijjj Jftii <Li >j jla "< j.i y.fiv 
II JLaJll jjl < jll Sox-Lil LLo <1 £jOa>LI jjjLIll ^j(JL S v illi 


oV 



jLu ^1 jojV I wiUI ,jk kill il < P ^Ijoi^l « LUL I jji j\ i “ill jLbaj S ■ *i-H 

. jjljLVI jLllI ^jUL 

i Lj)L 1 umIjS ^ilAll will I ijM ^luLII ^ <lLUI <Uij^ll <ajIjJI ^jSil ■ _ ....Ivn 


: Cx&± j wilt I u* I jLjiil j**k J<uu 

8 „ *=-!*£■ (22-7) 

dt dt 

wUl*-« i—ijjLjj . (jjlfJI L^jI Jjlxlll £oJI J^Uuu MwiAuLllI OjL* (jiX ujj 
ijjJL* < CrOiU X^l ^jk <-ii-»JI OwiljJ I ij-ijl jl J jL« <j|Li igiia £><-J Jjlultl il>vll 

. <LuC J£J JM*I jJk j^V I will I jluJI i>.uL jJu Jja* Oj£i Uxie. 


<JVjU JjLill «SaJI wj! i»n> ji>¥l ^jix. w^ila LaAJlaI <jMl* <ILw 

. L^oi o Lilli jjcj R chilli jlai wi 



Lv-rr) jCs, 


U^f- iJ, UJ%> P <x^ 


— p ^jl jJxiV I will I ( ji I j <3xwi jLu jai 1 

ir ~A>Lk±\ e^wwiJf <ilA£ Ci& - ( v - YY ) JLi 

: tr* (21 - 5 *j ja*+ *LJl 

B = PoIin ( 22 - 8 ) 

,VI wiUI yU Jlji»Vl ij -^3 ^ oLiiJI 


n 


: ^1 S will I fjj» <il J£ ^-Ui_> (^ill **1»L**1I 

0 = B A = B n R 2 (22-9) 

0 = |i 0 I, nitR 2 (22- 10) 

: jX S ^lill will I I | ^jjJI O Lilli tj* N JJC ^Irtlj ^ ill y Mi II {j Ajt l I 


(D = BAN = ^ 0 I,nNrtR 2 ( 22 - 11 ) 

will I ^ IjLwUI j_kJu Ijlj. S ^Llll will I oL ill jxjJI jjk N vtuA 

will I uJk ij^jlll <wLUI <4Jj|UI lUilJI ijill (jj£i < ( dl / dt ) 


: LT* 


o\\ 


dO 

"d r 


% = 



(22 - 12 ) 


: Jcju*~(22 - 11)^1*116-0^1^ 

M = n 0 n N 7t R 2 henry (22 - 13) 

N l i ^liLVI Olil 6- i«L*jl ci Lilli jj* (_|Jk n 61 ^ U-ol 4 

. ^liiiaiii ouu^i jo*ii 


:(Y-YY)J\li 

jici_hiL5j<i)1500<ji T^jyulOolni « iuLMj^ui20<l J» t il* 

ia^ji . uilOOO olil jja <i« iku^Vi »jJi j^* ai* ai .800 <j until Oijlii 


Mr = M^O 
M = |i r |i 0 nN A 


JjLiil -*«ai 

: J-aJ! 

: <JjUlli ^^Jsuu |J. a L>mjll <211*11 <612*11 
<u.uVll 36 till I ( jJk |i r i-tt-fci 

(22’- 14) 


= 800 x 4 x 10' 7 x yy- x 1000 x 10 x 10' 4 
= 9.42 Henry 


. CO <jjl j JJjiil jLUJ j.A m«i R *jJ*i t Ln'i J^jJa ^jjla. * . i I * iJh*l 

1 1 1 i>v i alii )< t tit i aL» iji < jk v?*i i <— uj 1 1 <aijji <>2ii 63 ^- IjL* 

< 1' > R Ijl La <1L* jji 3*2 loll *>i)l * jjl IjUj ? <1*1.1 «^aoiJ r AjlaJ a 4-*^j 

S Jj* ^£>il*ll alii /i tSu 1*6* (^\ 

: J-a11 

ilij*t» I jitlu Ijjjl* VI** CO Cylj IcjMi jLill 


B = B 0 sin cot 


(22 - 15) 


oU 



Ji<n ( - K r**B ) i Lf-aJai^j K > >1 II «( *fc I i » • 

Ui^JI <Uulull >jUI tjjbii (^1 jljli f'iijLi - jc ( dB / dt ) ^maII 

g = .i0 =rtr ^ 

dt dt 

% = nr 2 co B 0 cos cot (22 - 16) 

4 < jl (jJj « <ii>ll v tl* ? ■>! m m 0«llj 1 •* K JbljJH CaJlJI AjJLlI (jl 

>.tlll ^jLi >^t»il > 11* (jlS I jl L*1 4 ( A — YY jJjL£Jl t jbjl « r = R ^ySu Lijk ^ *fcc 
j l « <">_» L*jox < I «jil CjjLukk^ <LuaJI Uiljll SjjJI <Uj2 JJoj « r > R (jl I 

: jjtlicj r = R (jl 4$1 « (j^jjlaJI t-ilil £v*JI >.ila ^lai i .L /ii 



j|| >..>WU»U cr i^i)l *ill jl Jii±j « t-illl Sa&ll <iV clljj 

. r>>ia^i jljjl 1 <j* US d«JI Oi* fciai; 


jALwAJaLJdlASa^l-t/tY 

(jjlifcj J^jll Lu>|SJI oLLjSJLI JIL* I 4 r> » ^ . . ...Ifl Uiil ollall »!UaJI ol>L» oCn>a*j 



<jlaI j Zja Lijj ).al» ^ jLu jxi <JLa. yji jJ SjcU j j t Li ole . Xu^SJI <2 ID I 

“<£ d ‘ ■ jjjl jJI y, **e\2l\ < l<Jmj La jLj_ill 1 ■*■_> Iaa i jLuJI jjj-a ^LSi 4, j i -a 
. lix jLlIII n> -a OajLLa ^^Jx, »_>li ill JjLJu Jjj i_i -yt kdljjj . ^1 m-j^U 4 jS jjlSjl I 

i s&*l \ ■*' > ■*•‘1 » “■ i 1 1 ^ * “j | ^ I ^iUall uLwia ^Jc J> i til I I JJk 

IjL* jLlll JoAaJ JjdjJ.1 JamJU < LjjfSJI <21LJI £_iai JJU jlull mrtl 

<iliall ^ L*> >.tlll I (j\ . 4il j t till <Ja*uljj Vj \iJk (jj li < £-laill «UU Sjli] will I 

CujfSJI ajJUI L*i (jillj (22 - 6) %*i i n*> U 1 1 <JUJI uLu4) 

: ajjaxJI ijlc. if ijlaJI 

9. L dI 

g -‘ L dT (22-18) 

: ji A juljj JuC jLUl ( j1a Ji.i nil Jju JjJLA 


8 I = -LI 


dl 


dt (22 - 19) 

<2 LL>JI c*il£ Ijl . jjJI jLlll jlmi <2llcJI (jl lijk <JLJI SjLbuV Ij 

: jJk <21LJI jjol i rti > I Jjaa ( 'it Si dt *jj2 ^ dU 1 1 


.«L.8l..LliL 
dt dt 

d U = L I dl 


(22 - 20 ) 


.*. U = J LI dl = — LI 2 


(22 - 21 ) 

Umj 

(22 - 22) 

<LiUaJ I (jjSu -• i Q 4 i*ku!u C 4"uum > t>S • ji IjjiAll <ilUI <j|^IaJI tii <au^j 

U = |cQ ! 


■ « ■ — J / djjL . «l> - Jl LM A«l^ ■ J ...^ 

<iLLl jjx (jjS^j 4 B — ( 1 q n I <1^1 j ^o t ULi ll JlaJLI <JJju ^tSjt < I jLs <j jaj R 



'alliill O'* i ** 1 1 ^ R" B ^wmJbUm l|J>lnJL 1 1 '»* <il J£ n l <J£}| 

0111^^1 

O = n R 2 B n i = n R 2 n 2 4\i 0 I (22 - 23) 

= LI 


\ L = Ho n‘ k R" 4 


U = y L I 2 = y H° I 2 !t R 2 / I 2 . 


(22 - 24) 

iPlall ttiaJI J^Ll* jjfc L tlu.-* 

(22 - 25) 


: {jj lSLtiJI^ll tiu <IjIa« 

U = — B 2 ( 7C R 2 / ) 

2 Ho 

ULSS (jLi ultjl < B ^ x. » In Lj- 1 1 JLaJLI < will I 7t R 2 i 

q j i rfii <1* »Ja^l <1 ULJ I JlaJll ^ U <ilkll 

U = B 2 /2 Ho 


:(t-Yt)Jlii 

(ju 1 >lr < (jAjVl j_»» fji LSLLJIj ^ i n i >U >■ ! ! LiUaJI tj<* 4 > < n*J 1 

100^ ^Jl ^ JUll oh < 10 X 0.3 ^Lill JUJU 

<i ji* / Ja4>i 

: J_*II 


u 


B “ 


1 

2 l^o 


B 2 


: Jlag J£1 <2liaJI <1(2£ 


( 0.3 X 10' 4 ) 2 
2 x 1.26 x 10‘ 6 


3.6 x 10' 4 J/m 3 


oAo 



x(100) 2 = 4.4 x 10' 8 J/ m 3 


u 


E 



8.85 x 10 12 
2 


1 



8.18 x 10 3 


: ( The transformer ) - 0 / ¥ f 


U ..It] t-iij-ijj . Ijtj+Sil Jj-ailjJI i t>* 

» i_Ji P ^1 jjjl v-iL* cy* — ( ^ — TT — OVla. 

. A Jjjlll jLlU jJ+aa j uiill I j-A 






tt- f« j££ 


1 'oir . R Jo-klL Jioij S «JLi* I i.ilill vi>^ I, xq^jj 

' -ill I <J (jjUi l^La* ^UiS jjili ^ f » jtr> 1 *<« «VLau 1 1 tin ^1 J-liV I t_illl jUill 

<j-*J . R Chilli ,ji jLj jl J-*I 1+1 < t n> <Ljj+£ <lfcilj Aji oi jfl il i « S tfjiljil 

1 ‘(til (jAlAII jl j t m L*i£ ^jliliVI uLUl oLil jjx jljjl L*i£ <il £4Aljll 


jli * > >111 ciUI jj«J i im ilL ( f£)jl!kJI >.>111 ji ^ juj^i 

Ci Lilli Ji£ £gU l liii'JI jMJjJ • OUt iUC £-• I «nj| v^mil'lTI Hjj-u'QJI JUiljJI Sjill 


3 j ,i«t*JI * jji culi I jli 1 (^jIxIjVIj ^^iLUl «JLlll jjj * | ^11 £ju 4 1 mill ^ ^-blll 

{jjk J2| oil£ lijj t LaJl j JjaH jaw ^ *■ -*li x^ljll jj-* ^*£1 ( Vs / Vp ) 

, (lAil-L (JjaJtl j» i , u *i^(j 

< I JA & JUAjJI <LiUl (jl jJI tytllll ^lilAi-ml > i t^ll (jl lirpljj 



5* li£ Lm < > till LjjAj <ji (j: »ill I^jLAi £±-*y JJjb 

k_illl ijxi (ju M i m*JL ijjj *fc “>H J# li£ jjjLy . Ijj <jUoJI j'ji jl | ->11 

< A**ti <j1 L*£ ijxil I <J-*Laaj ^ . I s V s / Ip Vp ^jIjJLVI « till ijxi ^Lill 

i ^IjJLVf t.tlll q! tl jj— c i. till olil JlC <1 l I It'll I LuiJ Jjj -* ~ »ll 

ji l|“jjl~« ^J| IiuJL ^» jtAII i iLlI Lij^lll 3 «iUI *u *H Ij ki‘iII 6 A . a j_Im^ 


Vs _ 

V p ' np 


j_juVi a_ui 


: (o- tt)Jllt 

M i <n> ^‘i i£j J 1 1 lit .V.I JaJ 12000^Jjj ,i^ rfc ^11 ^tjj lll oUiV ^laaJ 

s 14*4120 Jal ^ JaaJL CilitoUl * j+i i ijjjjZ JjaJ Jjj-fc*ill 

12000 

100 = = J^ftill<Mj 

120 



^ir> ^JjLlo4 


Jl ■> a { jk CO ^jlj <Lx.j^uu i i u>Vu 2L <(jJ> (jA «J>I i_i _i «A i »Jj ^ a« — N 

jjl * ■ ■ 1 1 JtaJLl jjit L-^ja f 3£ i )^ll j *i i in (jl!> IjJ . ^ Ul \ a ^ na fa lliLa 

1 -> 

, — - B L CO (jjlwJ i_UtAll Ij2kj4 I <Al U I ^)l) I 

L»4»*fc dl yaJlj < ^ui25<j Ja Jim ^ i j<& u jlll <-LLaJI Oiljl S^ill — X 

-3 

^ ii / jit 1 0 ^Luj 10x 4 diu (^»***l®Llia Jl^i <jjJL jjJc 

( jie. OjH* <ila ^^flS jOaLJLa Lfj < jj jal 2 <jxu jLjj l+j 3mj^fj£ ajjfj — T 
• <4l200 ^j ‘i j t (—200111 JjJa jl IjLi < 10004 j > ...ill 4_1 j jLftj JjX» 

Lilj 0.0 1 j*j ^4 jluil ^Jai tb>Xa> 10 X 8 (4k* J£ ^ Li a <LkLw« 

1 .a 4 tf t till (jjOa AfjJI jjJ (jli La I f . < jLxlI I ^JaJ 3Ja4fci 4| fjl JLa^jlj 

$ J4>* 50j^ L^i L* jL^ii uj^f 

*_^iia 1 t^ilOc »Uia CaiLu^j juuiiJI jj <i) 80 <Jilxl J4t Ola - t 
? 1 a| lit JjLllI tit -all Jb^jl 1000 4j(j) Ola Owalill 
, j4jyi| 0.4 jLu Cu <il 800 <j ^uuu 6 ajiaJ >ii n\j ^-.40^ Ola ~ 0 

S <ijia die l _)iOll <aO jjj^J IjUj . Olll j£>* >‘1* ^.^LLil l ^C.at l <ilj£ da^jl 
JL % a <J ic. L43 a f jj a Jja jjJj Q)500<jj T^uulOO^ lnl ma ^iJo Ola — A 

^yUl ajjJ 1 200 jjJLj Olll j>l£ Ijl < >lmj 0.02 4jjO j*0»Lia 

SOlll^^j^llUilJI 

cLLuj 4>-ai OJ . JljJoYI aj^j ci Lit no R *jJO v imi Jj^Jo OLa — V 

, 31)20041(11 jjc jjlSjj R ajiai * ‘■-*‘ 

? OOI JUJ Cui jau J^j ^ I jJI ‘*■'*-11 jljia _jA La 

^jl jll 4 jL»> yk La > ^ui2» Jai > i 1 at‘(j jla Jil UI 2000 <j JjjJa Ola — A 

o\A 



I j j 4 tit I f^yu jj! f jjJc. < I <ojj ^1 1 OJ IjJ I S^JLl I ? <xa I j" « W 

^ £i / j4xa| 300 jljll I jJAJ J^JU* <jl2k 

10 3 jj> j^ai ^ tjj.Av. ^ ^ ijj - ^ 

s ^olUl 

4jLaI JJlCJ fuM 3 ftjJaij ^uj40<|^Jo i ll a ^ji <jjJl^II 4 _tKl I iiltJI J^j| — \ • 

S jjx*I 3 jIjj Lajic. < <jj 1500, 
£lLau) jia 0.4 j^liljJlj jj _4 1 .5 j^jLaJI > .L a * j j > i la jjJu — N N 

iiUJI La < ^Luj 4, kill 0 A.lt ^.«»»lollal l | J l ■%-! I Ijlj . Laj^Loll - fc (j “■ ‘I 

C <jj <jjj^X I A tt^. lnU a. l l 

■ ■!* ^ L ■ ^j«l» 4 « ^"u*^ 0.00 1 j«Lii .<<■! ... . ^Il<. i al» — NX 

jj«» 50,jic. ^fjIjiLVI i_iill <jl!l Ijli . 2000 <1 4 j» ■ ..‘.I I <jjLiltl ^ 
i cg-till (ju JjLijJU vtaajl •LajLJ <il 400 ^_gj "t j ^lillj < lillm 
jjjjJa j^ic. ,t| nJI <*ii OjJJU Ijj < ^ 1^11 > ,ill I ^ <u_>^JI O-il jJ I 

u-R2 -h ? J4>i 40jiai^ ^UlVI ^iitl 

^C.* 1 a — J^JLII £*j-* 4 * * *■ t_LLa — NT 

^AjLiJIjR, (J _LLl Jl aj-Li >.i - ( N. -XX) 

N ,j I jjlcl < joxal 1 jLj <ji CjLlI N i R 0 
^1 liiViL £jj«a jLklJI (jl jl i’ll* I ^jSLaj ijityi lu^i ijju& 

i.iuAi <)Vjj Jl^ll !iw Ja^jl. > til I |Jaui ^jic. 

» n< >V)l >i 11 oLLJ I <ili£ I jM L^j . 4 >1 all (jjl jit iji-JI Xa^jlj . F L» (jlH jJi&aII 

* * * * 


0 ^^ 







: ( Magnetic Materials ) ^t^£t 


4j<<ijt^>Lum 1 rftt < 4 j Y T 

JAJ J^l (will (£.111 lilljj < ^utaLotl JIaJJ l^U JAi£JI <il * 1*1*1 1 1 Jjul 

* ■ "■ f jJk 4 J mjttl *ntl olj_uLlll (j| jk <J>lij ^ i *\) ijuLuiVl Iji jjfj t jLu <4 

JLaJ .1 Lai a"l < > I tit jLt-lll L44 jai SuaIjSj^X. ijc. frufrllll JLaJLLj « <JjLm pljl _ > ~J 


| \ - XT' jjSLuJlj jua! j<uLUat ^uLLuttl 



(SDl 


HllUlll VUlii 

™mn *jmn 






V- 

I 


(jx- "*jii <jI 0 J 0 II *1 (£jl (jfu fJ 

Ciljjfl (jl ^>Lu t ja all ^jJI Lai . j|>Jl (jjlil 

yi L| < IfLklj JjaJu ijlc. (£ jSaj 

cllj ^jlcj . ij >■ *> . < <1 a ’ ^ jl 0 ljL .11 .a 

jl y^4j * (jlJI i|>a «jLbu-a jl ^l * a I <Sj -a i 

,( t - tV ) J£*£ jl±» If; >•; fjDt VAf 
^ j < r tjki > t Ki i.jl .i n * ji v djAxi t» 3SJV I jl L io jj Ijli 
I jluJI *xm jjjil* fojS &ll ^jjk C cul£ Ijli • T = 2 71 r / v ja S*laIjII SjjjJI 

ji jli mi l ^ jjgiyi CiljjJ JXc jj <1 a— uJI uj^i J^aLa jJk jLJll uijUl 


. Ju-ilill 


: O 1 


j _ e _ ev 

T 2 %\' 


(23 - 1) 


: jLuJll <Ailuu ji jLill JjuijJk tilfl lol I ^^MMAiaLokll |kjAil /i > 


(J. = IA = 


ev 


i evr 

* r - — 


2ir “ (23-2) 

: L ^ ULU^V * tr* m 

L - m v r 

ol^jjlibU ^«jC>*JI 6 " l * J±-» (^« Lux* < Sjjil -JaLlill ^j*l I 


M = — ^— L 
2 m 


(23 - 3) 

iLjjl jll <& >aJf <±& c/\ quantum theory o^JI t> oju Lui ^ Ui.^j < s jjJI ^ 

<(_1_a— i-ij ■*! -j|S* Ci jIj j— * ll ( h / 2 71 ) jjJLL I 1 -fc, j,f> io I JJx LajI J (jjSu 

-34 

♦ ■ *ii n *> 2 . i~*. ^ i n h / 2 7c *n jbkG l^ii 10 x 6.630 

. jjaJL (j-^‘ n — 0,1, 2, 3 

I < Ajl Lfl (jj&J • (ji Spin J^anJlh jjjjjilVI (j| <Jaa*^U 

jjk 60fJ £11 J.l >11 (jj&jj <£j^JI J4 jLj ^JJ C-i 1 I A.i ?■ «^XtC 

(jl >i ^ i > .* III 4 ii y .i.* lr> l, i j. 1 1 ^jjJI y.i i . > .>111 > I-?. iV I i 4j n = ± 1/2 

9.27 x 10' 24 Am 2 


^j-all Bohr Magneton <‘i yl'i^Lai ^^.. l oLui l l ^jjJI 1,1 a ^ a ■ njj 

2 . . ... . Ul ’i q jkjjjJI Jj Jucj , *LaJlj jlaL« IfJ (( y>« <Lt^ <j| < ^u^JaLuill 

_>A . rf*k U . b LJu« ^jxSjjil ‘ 6AA JjIajj JjI LL&.I £)Jaj Sjlil 

, h SjjJ it inVllj JLJI jjk L£ 



: - Y / tr 

< L|jljj] (J 4j^j^iVI i.u^jalJ ULfj »,V»I ’.j>JU (^IjaJI > i ll -•> 1 

^juwLi jjjll *■ XA < ^oi l alllll J1 ■% oil <^j_iil ^jjalill jjJj >iL,4>u v_j, 1 

JjdU jlj^ .JiulljcJli^lj jujaJI 1 1 *ft FeiTomagetic ^ . ^h Lu u 4 j^UI 

jljJLI lj _> V< (Jil (j^4j < \y-ill < i 1ft ‘i 1 1 ^il ■ caM i i lf>‘d I 2 <j ^ U 

L| ifL *\ Jj»j . Paramagnetic H.....hl;i,4l jLJl jljll <Ji jjmj , i.-.uiti. jj+ill 
3 4 mj jljll (j* <*>, Ol fcjlll L»l « ^>uj— ^>JVlj d^_ -JbLJIj j^LaJjl 

I # IjjkVl £jill 11a jiLlljj . dia - magnetic 

<11 A^j . L^lt ^j-a-aJI LfiU SaU I <JLii_a AXlL cJkjju 

L»jx. . ....*!<* SjIII L.*.j *■’■*•. H <jXlL J t ^ a SjUI 

tiii ^ » ■ •‘\j ^ >l 1 1 d L*.» | * LuLlli M/H Cuiiill ^ <JaHLI *j >« dl£ IjIj 

. ( % ) magnetic susceptibility 11 <iLlilL iUuJI 

M 

* ■ IT (23-4) 

j2^...^UI .t| jIjaII «? j< u\IL «La^* <<LLi^*».*bl .ill <-lLIaI(j 

• i ^ ...^.Ul :1 ^It.ill ilj *lt <? Jl . .. 1|“ «jl 


< * ... .Ulliull <jjl ill Li j * iuj LAj._i aj CaUu l. ... .Id LuL* 2jL_ 4 > «j *" 

^ .IfflLuij* * jl* lj* cuCill 11 a iw1jja1(j Permeavitiy (|i) 

^ ^ ... I n LjJll ^tl ll *ja Lijj . ( Y - YY ) J3UJI ,ji (-*£ I jLu <j 

: (ji (ji . <a 1 aJ I SjL* <U *>> * ^y» ^iVI will I ui I j Ljlil 14 v» jt B ( jJ£JI 

B = B o + b m (23 - 5) 

bfi I 0® B fl ^uimi fj ^j dl (jl lUi (23 - 5 )4Jal*X1 trtj 

: jJk JljLVl Sdaj ,ji <il n Allil JJ& wiL 



B 0 = Ho ■> I (23 - 6) 

jjt I ciUI uil ^ M il ‘ i l l B m > ■ I I (JAIAII (jl IllAji IaJj 

«tl 11 a {J\ jLlcI i oljjll iJHa o U<> 2Sjy I i_ijj <-»-«fjjJ I oljLHI 
<^■1*13 I ^^Ai-aVl (j^i t-iLAjj <-aUI iji jaj I Mt ^jUitl jL3 tjc Jj-iili 

. <jL£ £&** tiila 


b m = n l M (23 - 7) 

: jJk (jJSJI u5 % i 

B = m-o n ( I + I M ) ^23 - 8) 

■lie i i*l liull £y» <jU Jlil ^uJaUall ^jjJI oJ% A > til I ^Ini a i« a Cul£ lj|j 

w_iilli_J-il f j_*JI (jj%j ‘ I M A jJI I M ^jLltVI jUJI I 1 a _xX>a 

^ Uil I <^1 1 n * (jlc, ,<l 1 »1 a «t * i nijj . JljJaVl Sa^^J o LiU I jac. n ' fc ‘_‘^ • nA I ^ jji 

<U*J> 1 1 Sju£ a^IUIa ^ » >i~{j -hi I Sja^I t-iill Sail 

: £x^ uilll oJS ^ J61\ i f~A > Uai ,>^*11 . M 
B = |^ 0 nI + |i 0 nI M = M- 0 (H + M) (23-9) 

i »■> » Ul jJiJ L I^jxll Cil JL a % i 's < Su S j44 / ijA < l n > U 1 1 til Cilx^j jjl 

Y - 1 


: oj^j SaUil <liiall LalLlI ^Jk JJ. <jl Lijjle .1 I 

|i = B /H = n 0 (H + M)/H (23-10) 


(23 - 11) 


H , M 

••• — = 1 + — = 1 + x = ^i r 

Ho H 

ojLii ^JJ (J, SalU <LaLij £aj ^jLuu^j iaLJl * ^ ■ --‘‘I I <L>aUull (J. r <ii 
(^jIa <ilLil Laliutl aLul o%j I4J aLul V ^i nuill ^jalUll jjl h-Qljj jig £(>aII 

jLlcI IjAi 5 j4j£ Hr ijjii ^ » >i. i> tr»LiJL*^^*U| aljll <11^ {j\i • j** / 


Vi 



• J*V^U>*X= Mr 

: SjU b - h -r/rr 

^Vj.Ijjioui^ oWj]^>(r- rr jji^L^i^ijLiiaai j^d 


UL^diB - (J. 0 H ja. i . Vh -» ^ h i > 1b L>jJII ^jAt >11 ^n ^j.<i^ljj ^ *«i>* l flLJ>.« SjL.^1 
H & B tjlj ( i — TV )J£«U1j L*i ^ji'tm* J&A 5jLt H JjLL* B '■ - 
wb/m^ ^ i ^ V ) J^kii I*-* jjljljj^ 



(jAi il I jljjj > tllli jLjJllI jjj-* Jac .' v^iii <LAljj < . lit I ij I (jA j_ii 


jiu&j | ^ m^ln l ii * J I *- j“ij jf ^J| Luu ^ jl I (£Jj jd I chilli ^ir»‘> * I 4 yjt i < »■ II 

. idLJI jltl jLJI <j ^jiLuuj ^ali Jldl ^ Ija 
jljjj < jJudl £y*.* IjAjI 4 i m jj jj SjLj H JldJJ SjJu I jlAill 5 jLj «u& 

ji l_ oJill lull i B (^....IflUUI ^jAi il I <UULlS 

J£Ju ) jUjjll JLaJLI * L^Zi I ^LLuL oAjj ji <lAl jj 4a^jdlol od& 

...1 1 jjJL JUII *1 ^jI <iAl JjLaJi <juu^1IqI mim I ni *■ ill (jl ( 0 — TV) 

-Ilf, *lati.*ll^J l till! fJLl (jl ^J| ( 0 ~ TV ^ J£lJu «_l < | Uttlill (jdft ^Vl (Jdjll 

. Sjoj^II oVlaJU 


"\. 0 





(jj &j < 1 4^ IjOA^ JUJU JjUa L*jjc — I 

UL*j Jjjj t | ^1 ( Ln li* 1 1 4 Vt u* H U ti 1 1 

. H J& I JUJU JUJ# 

< tfllilji II Jj \T(J 4 J iii J1 1 1 jl jjj L tJ U* — u 

Jjju V iuaa < Uli <uj»JI 

0 jj( H ► n-?r)jS2i • H Jij^ ^ 

jliaL <jajj^lol » U I Ju L l l JUJU jjj SjjJoa S jlaj Jju — 

<JUk jjJ| UUU fjM <t » Mi^hl ;,ihl| SjUU < H jJ^IIi^mmaIsLuLLI JUJU *Ual 
JUJU jljjl Ufa <il Iji*-* IMj • Lfl ^.jx jail ^jJ] Jja^jilj ^ 

. jiili V Ula > .ill I Jki villj Ju tjJu 



SjLJ L U. i l ciladll yi*4A — i J YY* 

< | ^muI>IJuLII mi ill Ujj yjj Jj_>ue^ll iJU H JUJU SjaJu UjjJj lUiil IjJ 

( V - XT’ Jjjjui^ CrULi ab >i IjL^Ulil ^ <ili£ dlLu 

. H j$U JUJU fUjJul (JA fX-jJIa <kliil ja jO-L b 4lc ^wUsLuLLI i-ilill — 

. B f a j 1 m 1 1 >— i J^ .ML ab »j aII j> j.> , ill Ijji J!ujj 




UijJi J^t i tlfc*i 2 jjj J««l JjiJll J« i *J l cA> • ~ J 

^ “j 1^11 3«iljJI 2>ill jLlxVI jji 3^Vl • jLj <j j*j > kl« ^jk 2211*11 i^Lum* 

, ^MkJ^Ljdl (jajill J**V» L*jjfc LkikiJ jlll I <J4 aJ I 
JLfJLI I <jj jUI jLul(j L N ail I ctlil jx& 13! 

H = i— (23 - 12) 

yjk A < alii ^ tf.ut-^Jl vJ2JI ^^Uii. n ^j^All ULi^ji B *LS I3jj 

: (jJl s . iill ( ^ Li~i ^^lll ^211 JJc 


O = N A B 



(23 - 13) 

»j *j ■ ■*» cW a* t-iUI jLlil jjl 

■3 JjJL-4 (£jLhuI < E < /l A 2-H ilj iji kill j (2> 


E = 


d<l> 

"d r 


= N A 


dB 

dt 


<jl > * UU 

(23 - 14) 




dW 

dt 

.*. W = ] P dt = | E I dt 
= j I NA dB 


(jl E I (£jLuM P Jjjk*j 

(23 - 15) 
(23 - 16) 


: (23 - 12)<Jol*II <>» 

W = j H ( A L ) d B Joule 


(23 - 17) 


. ^1 Jc (23 - 17) 2JjUU . aui (AL)^ 

ijJc <i*l£ > 2 jyi Jja Li3iV t.„..l i l;U I 2 jUI 2j^)I Jj3d I JamJI ^Ib. 




*\* A 


W = i H dB J/m 3 


(23 - 18) 



i <1 aUa t.tliLi 5 j_jJ jjJc. <il jjJc Jjj <- «^Lt (J _lc O^jil SjjIjIIj 

. B - H 'jJaI* ijlc. t_liaaJI *j_jJ <^L<aa <LIa 1I 0>* J^ajV I iOjJcJ I 


' J j * a ! I J A » aaaa lftL»JA4|^L*J| « 0 I VY 

jlj t ^ *«■ >twl »■ II l^iiLli jb ^ «ii«.ii it» ljbL»j^ > a l l j ^ > ni^tr»l<i»<t jL«JI jljJLI J^iau 

■ **l il I <JAuUI 1 1 ~>l 1 a ijAj • <^>ln> CiLilij jJc ^fj *> -A~I Lfllyj 

L|jc JlaJLI ^lirt - a • Oj^ ^ j jj-ltj < <aj(jrfJuc oLiLUl a jji 

JLiva ,jj jlj-U AdJk Jj-a Jac La I < ^U*>i a a j-JX <JLaJI A jjk ^aa> pj < j t toll 

tXu <J| > it JLUI a Lai I 'jk i-Joill oLuLi Jji >t vii • kjLi a 

■ * ■ >~j~ — ^po^lAllAA j l » >4 ja\ 5 ( jj^y » « ** io L « Ll l <_ilnlil CiLuLii < i iiijj . OJlu i jj y A 

01 (SjA>+ I uILIa 0^l» J^-» v^I c»LiLu 

■ <^lll I <JLJI i_tpj.ll I 1 aau « ^ t i t jU l ii II JLaJL I AXi d» 0-* I <JLJI ( jJ 

• Jl^Lf Ajbui 0-0 

l ji oljlll <U*>*1 1 01 | — < 0*~* *j Lakj jj lj Ijjll i_>Lil I i_jluj 1 jliLljj 

0-» * !»*■« I I aJlA LaLaJ Lf H^j I A.llf, Jjlll AjIjxJI . (jj ~ -‘III Jjjj ^i*«a«l»LAA ajLa 
^u^lll olL ^ »l»i . ■•“ l * *‘<*j < Curie temperature SjIja j > mi < ajULI 
tiilAJ ? \ji\j < Lulj » t> r ^.tUriiU.-tUill CiLptlU jjJiLalYI olujoII J« a.1 o*l I 

. a jLaU fj*JI <x l ’^2 

4 1 ii.it ^atj4 < <Ua1aa 1I it im i U l M jjill bljJJ lia t jjp <L«>J*LtM 

yi < yj t ) IV I t — ill f OtjA, yC ^ttlllJI i.i U tll ClLjlul I .IJ IjJ yjj 

■ * 1 1 Jxill j ~“ Id^lj ULaJl Ajjl -a ill Ciljjil 

. Spin-Spin interaction 

jxx. <M>0aLLikA j jj SbLk 0-* ^ * Lil ^<i>* b l* A ^ jx n ^ fa ^Jx. i_>i mil 0^ La I 



l|l* J£ JiU v_i3 jm magnetic domains jiall* dJ j* 

< (£>^1 <jJj ^ jj-i (j*>j II »UjI > iiiAj JjSJj < J^Jj aIajI 4 /i o L ...* b Udl 

. ( A - TV ) J£JLi| ^ (ju* IS 

I \\fi I Cuk] jUl 1 1 • jjk < ) (jUl J-^ij 

Jxi j <ai (3^*-* ( £*_> *■ <>• *>l®i 

1^)1 t i wiluLM Jji tjLd I CUUSkUll 

jj *- »“t I oljj ■ ‘ *^ **** 4 jLdl j~i i ii * |tkui 

l ^iii < a > ^.^IoI.’JlIi ,3 l mi ^ic ji 

I |jA j| li*(j >jj» iQ >- »l • Mfc Jn l ' ■,«.« 

^ *i»4j <iLiU * jjl Jjd^ JUj * I Jjau LfJ » > yio 

. Bitter Patterns jlujlloll 

U-WjSi 

• «• « / 

JUII ,3-* <i>i!l #lj»>Yl £-4 < <a1Ui 3.*—daLJi II 1 1 *>_>!> Li jljll ^yt <lt *La^jj 

Jam iijjuij , *L2 odljj LVi^ , <ji o« ■ Aj L* ^ ^ 

(jl (£l • jil SjxlJ dlj jk {jo Vi Ln£ < iui^Lu aUj^ iji Jam II Jl ^1 1 

<<r -J»Liil JUII ij_.l {joULl Jc. Joju ^mLiIL SjUJI ULjUl oUm»Lill dfc 

Uj-uC ji-ud (j^4j * jljll oljj fji SjJkUiil 4 JJ» • (j-^jUJI 

ja^jj ijuTfc A....*laLi<jj^ft]| j m. > ial >««I jU| jljll <1U ji 1 +LKaA j| ln~i V »W in II 

, yj» <«jlj t_Ja2 oU*tl n 

(j-lt _H>i . B Ui Jgll^4 JU-» (ji 4jj Ijk L^jSklj IjL^* ^yajjj 

— eE s| mJ(> a< w ^JVI ljuCmJ^I i » jlI 1 <iLioV L ~ ev x B UdsU ^ji jj^lVI 

d > ~kVt /*i % m SJV r »jLi v iirti LjjI j I j 1 ■ « • {joj-ii — Sljill JLaII E 





ulH^ • jUuJU igj ~ » ««*■* g ) M.* b l»i* JU_« 5jj S^H 

. Ljijil SjjUaII 5jiJI £»* 3 » >n.UtUllj 

eE + ev B = m e v 2 /r (23 - 19) 

^uJtludl JLatJLI 4 )^} yk (jjji&bA) ( v = co r ) ijjljll 3c j*JI CO 
eE + evB = m e r co 2 (23 - 20) 

J\ <JjUII jUiV; JUJU 'till I Jc 

eE = m e rcoj (23 " 21) 

: Cgliil toll (jrjiljUtl . ^UaI .*< iu ^bU 3 cjjJI C0 o £uak 

.*. = ecoB = m e ( co 2 - g)q ) (23 " 22) 

B JUJU JUjL ^ is* A CO oil* lij 

2 „2 


.*. ecoB = m( (oo 0 + Aco) - co 0 ) 


.*. ecoB = 2 m e co 0 Aco 


(23 - 23) 

UjiS C0 o CO £>] jUL 31 jUI 4 jji uuj£ 

(23 - 24) 

i j>*jV jj>u co^^u^suvi jjtpjiji u^xh^jvi ‘-u j j 

Larmor frequency : 

ACO = -5®_ (23 - 25) 

2 m, 

tiixakj < ^...^WLuJll JUJU ^ U^jyi Uj^yJI jj« ll Uj Vi(j 
: ujS u (23 - 25) *bUI o+3 • H UAH^ 


H a 


evr er co 0 


er 


A H= — Ac °o ^ 


(23 - 26) 
(23 - 27) 

^-. UUa i ^>il ^ jJJI Cx&jj 


^^uJi jJili cr u J« a i % > (23 - 27) * (23 - 26) cgiUUU U*u2jj 





A^i/n 


A co 
©o 


c B 
2 m e co 0 


(23 - 28) 


lo^. <±)i B A » oVLvj* I tA. *...j £4 ^1^1 oL«£JI *< 1 a 


• 0.01% 6 C 'll u* ^<*^11 61 


oU-^hLjai j ^-w^taUat Sjiliil - V / Y r 

^jJUl ( _ r liij < J-jJ-aJI 6-» <-Sj-1^3 wiL* I (jjj- 4 -Si jLj lil 

I I ijjlj ^ » CiljLuu ijA L^-uiX» ( jJC’ A . «i> > lr> l i«l l 

(a^rj Jx£ , ^LLJI JjUL l_iUIj iu^l jiljJI ^ JjLL Lfxi 

^ lull j in jjfcla-. hUU jjQJI <U <l 4| 

,^-TT ) JC i i i I L (jrvJlli Li^ (jojii 

3 . ilffcll JjJa 6l ii • N jjic. < i L % 1 -fcj 

>_ (j lU l (j l L|4>t> Cu(}i ia>ji Lfj 6li 1 ^ 

t lkjl)l 4 jjk u* j^Mubljjkll JLaJU tiui ■ • ■■- 

jJI ^ <i££ 

B, = Ho H, (23 - 29) 

t jJI 3ilaJI JLtaa» <ilj£ 

K - H H„, (23 - 30) 

. .Ulill l^t^HI u. H m H g iu». 

. ykUjltl Ijlc. 

* SaclS 

H f /+H„L-NI (23-31) 



l\r 



NI 


( 23 - 32) 


B * ' B nl L 

8 + ni _ 

Ho H 

1 < A j I >ill j^Ij Lul^fll Cxlillj ..uj-fcll <ILJI ^ ^1 nfa« jjl L*j jjiJ 

: J)U tilloi J^.lj ~A jntjtrtl tall Sjjljjl 

B s = B,„ (23-33) 

B b I — + — I = NI (23 - 34) 

Wo HI 

: jji jii <Lb^i ^jJSJI ^ u^ ilra LuUljj Ajil l 

NI 

4> = B A = (23-35) 

(</H 0 A + L/(iA) 


i\v 



j (J^Luu 


-10 


L* i <-iU XaJj j l >m (ji (jljaJjj < jl* 10 U* 1 * 4 'rtii (jljiUJ — N 

$ ^(jll { Jut. JjVl t jjj3^JVI <jjohj ^ill JL^JLI jji 

S djIj^JI <a>jj £J_>J ^muIoULaII ^j*]l jrtiii Ijll ^j*il — Y 

S Sjl^aJ I ^jJU ^j( i ntr> Luti»ijiJLl1jf « jS V Ijll — Y 

l^uLUall JjJo jjlSk I jl • i hi 0.03 <jjL J^ljj Jl ^ 1 1 > Ji ii Jj.1%1 1 jialaluM — 1 

J * *_* *-* * ^)1 jl ilf L i 4 ln‘i« 1 1 <li 1 -4 1 1 Lm i <1 1 1 __) 1 j ll I 1. 1 in^l ^uil 5 

$ J±Ja 1 * 1* ^ 


-10 


10X0.53 A^Jai L.>aii ££»<jjJ-iJ» i jj — o 

g 

ili>*4 1 ^l. u i l 0.5 <jXui ^-u*j!o lii* JLa-4 £a^j ill/ ^1 0x2 2 

aj^^i ijjljll <£jmII jijjdull i^jl . ^Jjljll <Ljjljll <5 ijjJI <u^ <aal Ljlj^ 

S <illo (ji jfilll J-* Uj *> JLijj 

JjJ^j < fhxu 1 5 Jj J-aJ I JjL-u JjJo (jl^^.untnl *i<tK il^lll — A 

jLi Ujicj t ui300oui jjcj ^-u.1 <j>lnid> <^i nfc^j ^30 ^ j^ i^i 1 1 >it i 


-6 


10X2 alii jjj-.10.032oj-i.auL 


i < 


JO) 


$ JUJ^JI jLy J^lj (J lif t <ilj^ — \ 

^ t-iill ^ji^rn jlrtl *iitl Jl^JLI *JjJu — Y 

? iUK ll' 1 j int*? i V >*ill — Y 

4 *l *fc i K «*» (jit jjl < j»l«4 1 *jJwl i iww JjJ nil (j-4 ^IjU ml ut.iA.i — V 

Ijl^l JlAJ i liiLu 4ll cifU IaI^JI Clil • ^4 1 l^clwul ^4^X4 



$ 1 000 <jl >. » » *fk I , jox«l 1 0 *jji 

1 | jl* ^ui 200 1 ^ tij *k 4 JjJ^j ^ui 3 1 1 * Ul > jJaS ^jLUll JjJjkJI £yk d •!■*- — A 

I • * ij)j j 1 \ .till ji ^jl i . > ^ j ^jJI jig ill ij iti ■ | ““ *■! ■ liliui ^1400 

-4 

$ 1 800 ’J II ^jM i jtr>riit it <j jlLJ I yLi Uk < 0X5 *j 44 L^.Jr>Li»4 

JUJU ^ijju t 4jk y nZ 0.3 (jjSi 44jUI yjk <xlaS jj-i ^untnUJitl <itA£ — \ 

: Ja^’l . jl* / j4x*11 OOOtfl kiUll 

5 ikixil so^ - \ 

$ UuJI ojliill - Y 

Y “4 

1-43 tl ft i f 10X 5 I | till 4 Ovl .in <\j ^um 1 0 Ujki L.ijAi >i jut ^1 1 |jdi Ltk - \ » 

...jt-niti yfii >1 1 (jLSj < j Lj, * I 2*jjS IjU J * -tj tilLii <il2000LfJ>^ 

5 JuJaJI U^u)l 4jjUl)l ■ jjjO.OOB^^aJI 




jtull 


>..ii* JjljjJ ( jJa J .*.i ~ t,. «^ j ( JJjJiil jLklll jjl 4 I J)-* j^kLuoll j.A.l «J 

, 6 U“\» ^nufril u>« Jla-* jjit 0 0 j>a^ uL^ a b c d J jU“i ...» 
(_>Ud^L!I 5 j < < till (jljjJ Jf ~fc « (j-lc LaJI ) y-^ « ^tin'll C^~>.il~fc-» * till Lijia Jirt'ijj 

jjj-laJ (j*-j * , il 1 1 oL^.-k’i ^ j *^jl *>>ll SjJoJL v >JI I jj^ * D D 1 

( \-Y£ 

W/ v 



6K2H 


0-Ci,)j££ 


Jjit ^j_a_aJI * « * Jxaj £_naj <j(j < N OUI JJAj A > , til l <a L i ( jl t^j-L 

. 0 Ujji *LaJjl jjit < ‘—kill 

: O jj! JLlII ^JajL ^ all ^iaill 

O = NAB cos 0 (24-1 ) 

<jlaJI <Ai J 4 UI Otilqll S till « CO ^lj <tj4-uj <-illl jjljjJ I jji 

: jJI t— kill y Sa^jlll 


d<l> d 

"dt NAB^- ( cos 9 ) 


VJ V/ 

e = N A B sin 0 — = NAB sin 0 co ( 24 - 2 ) 

£ 0 &JU6 0 = 7t / 2 (jj&j (jSL«J L jjSki %jSll *JJI (jjSH5 

e 0 = NAB co ( 24 - 3 ) 

(£> 1 uJ^a L*J^£> La I . tf. friM LjIj-a will I £x&AS 

ZjuaIjJI 5 >ill sin 0 = o ^ « 5 Lj > < 0=0 ^i Su ^jill ^lc. L^j-ax. uilll 

• 3JoaJJI Jjb jji <xL*jl 

>xij (24—2) 4 JjLaXI JIaj 

i i i ^nJI WU i l l JLaJll fji t.tlll jljjj jjx iiiJ (^1 jk <ailjJI 

£ = # 0 sin co t ( 24 - 4 ) 

1 jlu Lfj jxj R I^I^IIa SjjIj ^ <uiljJI $j2ll *jj» alcj 


T * *0 . 

1 = _ = _ s,n <0, 

I = I 0 sin cot 

JSLUl ^ L-iLu w* 11^ I 




( 24 - 5 ) 


-xA JMH9 

(1T-Y1) 



I = I Q sin *w t 


0 C-C£) jO 




JJlc. (jj Su «^p nntnl *i«t1 JLaJLI jji » Jj-a. > il>ll <IUI£JI Sjjdll ^>aj T Cul£ I jjj 

Uj^JI tjc j _> l » SJ I jjjlJL f — 1/T ; yjk i nl *11 fji <LL<II o lj^ ll 

: <bUL CO<)jljll 


2 n 

CO = — - = 2 K f 
T 

i >jill ^h £m it Iq j 4 ajj 4 Im 2 (jl culill j Llll (jt ojjlll jLll I I 1 a > ifrij 

: tiu» P { jM L» <£L*) jk 

g2 

P = H = sin 2 cot 
R 

l»£ « If q / R ,J Ji*JI I - j ■ L » J 


ip 


(24-6) 

<Lju jjlj-JI i jXill o\i t Tjj 

( v Y/Yl ) JSL2J b 


/i 



(<-> c - st) 

5jjj cS-J — • j^U sin ‘ cot ilu i j^s iLu^ill : jjJll 

:0Uh>.*UK 


1 

T 


/ T 


sin 2 cot dt = 


(24-7) 


: fjJk ^U i <0 HI Sjjill iilluJ 



p 


(24-8) 


*S * 2 r 

— - = — — m s = I 
l R R 

jjJjJ III » Sjdill jAllI — s 

jLlU i±*5i ^Umj jLllI I r m s l i aH I jLllI 

: jjk JLaLII jUill <jl tfl < ^2 I Q ^-J ll 

K m s =lo/V2 (24-9) 

: JUill df^Jt ^'i & ji «J1<j^j 

^n, s =y^ (24-10) 

: ,jl (j^ j < 14^220^ Jjitl jji jjjJill jLllI j | •> : JLL 

ST 0 = \f2 e rms = y/2 x 220 = 311 Volt 


* O— U) Jll« 

<jjj j 60 »JJjj Ja|>i1 20 »jji J| ^ jJj^auu < Jalj 60 IfJjjJi <LjLj^£ CiijiAl 

JjJLj <^jUL* >,h*i rwl I p m s <1 <JLaJJI ? *.‘‘^jj'.‘*‘^ (j *1**11 3 *_iil I > 4-ulill ^ 

: Jail 


I 

r m s 


: ^ ^LSll <JUill Cuill 

Power 60 ~ c A 

= = 0.5 A 

voltage 120 


R = 


Power 



r m $ 


: (jJk Jjliil 

- — - = 240 Q 
( 0.5 ) 2 


: ^jA jUUl L»ji 

l 0 = '/l ^ms = °- 707 am P- 


3T. 



* (T-T£)Jli. 

0.85 t il t* .^uulaU i* Jla_» ji Oilall 6jjJ 30 jl>^ 25<jli] JJc. k_ii« 

j^Joj Oil J $jJ .iajILi JJ-* 0.06i >111 ^Lu Cul£ I jli . >Luij 
JxaJ (j-* > ill I (jjfu ^ < OiUI At>2JI *<lA 3 <_>i J^jlj , uiliLI 

^ JlaJU tU]l 30 
: J*JI 

{ — 30 / s jjjJ I jj4 0 ) ^jljl I Cc^uj 1 1 - u .I v t 
0) = 2 7C f = 60 7C 

: % Q 

gr 0 = NABco 

= 25 x 0.06 x 0.85 x 60 n 
= 240.4 volts 

: JU-U tlaul ^jJc 30' aj& lailjJI Sjjill 
8 = $f 0 sin 30 = 120 .2 volts. 


: JJjHaII jl£ll jjIjJ -t / 1 i 

<lLa. ^^ii . L ittA i >1 « jl /j C jl R ^lc SjIx jLlJI jjIjJ «~i .-)>"> 
jjjlll jtillf <ILa ji 1*1 R (sy** jUlil ix4 jjCL V j«*uul I 

,jjl jll i,i~fcll jji . jj i jLllI tiw jaaj R Vjlill <jli oLvilj <jJa!u jji Lulj 

jjJu JutA C <Lij |£)l OxJI j jJu IS < dl / dt jLllI tXw jjUU Jd »- * I ilalt L. 


jLllI Sxuu jjjSLi . R <-^jUL» 5 j1I j yi jl^ 




: iLuk I 


ATN 



uA”( * / ** ) J&Ulcr* - 1+LX+ oLia^il Lmj jLlHj Xf^JI J_>i ^jUIj 
Lt* ^LuaJiLil^j Lu» jjlajljL; jLaJlj , t |, -J I ,jj jl 1 <ii|>Lk oljfAlil 

SjjIj <JU. Lu( 2 jiVt . in phase jjJUI ^jk LJIj lafii ^1 < JjaJLI jui'ij 
JSuUiji L^S jjjL-LI jUU jiiidiki < L <1 jjSl xtl J^Liu 1 il< ^ k^j2 


L 



( v-u )>£ 


.(T-tt) 

jjUli I >it'if . £f j>t u»U i^aJI (jl i^jii 

LftjlxL* LuIj ijl 4>^ *-Jdll ji jLull 

oJljll ^jJlIJ j! >A • *La>jl ^ Jduiy < — L . dl / dt 

: oj^f a* 115 <A*^J • 


3 . l = 0 

dt 


(24 - 12) 

«UjIaII * jji u Lui\) 


dl 

dt 


jr 

L 


sin cot 


(24 - 13) 


u* jLail •<**£ uj£» J-klfill * 


I = - 


Sf Q COS CO t 


= - (V x l) cos 


cot 


COL ' v (24-14) 

a£> 3LJI *1* ^ jLill j*i (24 - 11) JUaUlL (24 - 14) <LUJtl fcjU^j 

| l ~ tt ) iJC *.ti 1 « JC / 2 OkilJI ^jjtil |jc > J ail l^alLt 

Jax iUju < inductive reactance LJLJI UiLJI ,^*—<3 x L = co LLla£1Ij1 IS 

. <Ji\ yji JJjjll jLill jj>* L^jlL. ^ R 




p = 81 = - 


coL 


A 


cos cot sin cot (24 - 15) 


, I Sjjil I (‘i ^ i 

M JJjllI Ifjj J*au ^itl 3 !a1(j1I jy * *» 

' . ( 0 - Yi ) 

Q.C. ^=Q/C ■• <]jlxtL ^a^jl ^ OfaJI 

'jl . Q <?’■— ■*!! J^aJI Iji • ^ M*>-k i»il ^jJk Q<tu» 

Q = C 8 = C 8^ sincot (24-16) 

: J* 5jjIjII fji I jLSJIo^ji 

T dQ c- 

1 = * = “ c *° cos “* (24-17) 

JjJ jjLuj V jLxitl ji 1 iajI Li 

Ij&ILi V] ^*kijl 41 «ji >1| \ll Jji Jirtj V < t — 0 jk jdJkil 4 1 « j t ikjLJI 

-71/2 jf jJLu jlall I j^Lil ^ > il-Ll * J^-aJI <jl : jV>>ai Jlijj 7C / 2 j I jLcj 

w 




. Sjjljll jji <xl*oIL jLillj „t|^K jjju ( *\ — Y1 ) ^JC A t< 



lf n cos cot 

I = — 

X c 

Y - 1 

A c — ^ 

coC 

(jj Mi till J-cc Ja^5j < capacitive reactance ^uJI <x»UlL X c < ny 

CO j,t iftll J Jjj 1 i Ajl < ^jV I { jJk Lfjl.t >M j t *n ill I jLjJJI jiljj 

. c. >.jkii 

: jJk 4jU*fc II I ijjli I <UjIaI I jjj I <ilLJ I J jjua 

P = & I = co C £ 2 cos cot sin cot (24 - 18) 

^ic. ^UuiM J j-u I jjl j| • IjL/i ^jLuu jjj ijjii I lr>< njH* jjSkJj 

jj |^> U Luj_f£ ^ULui s tIKlI jMji ^1 6 iUj i * ui < ijJJ > JW-k >■ iXIl 

^jLwu <L.l£ i iS^* ij-i-ill ,jl j1‘ill (jjSqj t I SjjjJI v tuft) (JiM 

. <IiLU (j-* ^1 JJj4 V ^jif (jJliil v jj&JU Jaii fjJ^j . l_yLi^ 



: (LC)i*«]|j &aJl Sjib-r/rt 

tji JjLaJu V > , iV£l 1 CilVi^itJI ,jl 1 1 > kl*j *-**u~ jje. 

£^111 jiu « — kJJL I iji j * j fjl # jj ale tlint-k j (j£{j < I <i&aJ 

ijuStlju IjLm A< JJ ^ * ai J | -> jL-j.Hl I lii jfc * 1 , 1*1*1 jj . wJLajJI ^jJII ^J| t >*>^«.ll 

OL&II fj-^uu t jie. J-uu ^*1 -Jl jLlJI I jjl . jil SjcU <jlc fjA 1H L«£ I jLjlII 
tills ^yLjj V < i*Kl L ^ i^>~i > v_iill 4>»<jJ I j,,, fa» j£|j . (j** ..Ml *LaJl fjtSlx. ^jk 

IjU >V I jjk IjLu <i,u « v ill I iJ^Ij < jjVt *i!L ci^ Vi ^‘i~fc .Ml 

1^)1 ( jj«J 4jA—J Jl U.'l.ltl I kj *J— * I 1 IMjl • 4Jkl ^ |I (Jt ^C . yj 1 J \ -h 


.U^lf 


I 


Jilil <_i Jo£. . JSj jjj Jjl*-* liljjij tiling LiLuKj a £-j^j 1I I jjl Jj* *1 

<5!>Pfc ji jljjVI £-*A>* J>^ yjjiill jj *^. ll j *. l «»t» * Ij^ ^5 Jiu-ul (jJj 

jjj^j Jaji 2 <5kj^iJ C^jl.i m V ULL* — ( V — X l^JSuill jJatil ) iieuuoa <jJLilj!i 

. <cj^aJll ^ <2lWI 
I S-adjJ jJiliH 

S jihll <j^--AD ^Xwl.^n 

^jJLil (jl J-3kj i— ^3 — l!u j t ^ ^ 1 mUj 

^ Sj-SljJI <> ixJLJI Loijf^J! oJlJI 
^J5£tl iikiljl ijill • L dl/dt 

■ o' tflQ/Cajai Jfa. jjL 

(24 - 19) 

(24 - 19) <lal*JLI ^llil I = dQ / dtjjll 


fswn 

a 


1 




(V-C£) jG 


L# + £-0 
dt C 


l^4=o 

dt 2 c 


(24 - 20) 


1Yo 



3 i till jjilll <JaJ-u*J <JLil JJ <£jJk <JjljL« 


■^T = -» 2 Q (24-21) 

: { jJk t <Ji^J [g I jlc <ia till C*oi . JJjlJ I jJ CO — V 1 / LC ijuA 
Q = Q 0 cos cot (24 - 22) 

(J_*jll »Jj l *‘ f yJ\j < uljjuVI <JlaJI (jjljli 4 SmtJA <llj liA «Uj 

Q = Q 0 ^11 <4aJUI t = o 

: (j^jli i**il L (24 " 22) 31 j 1*1 1 <LaILm SjjIjJI ^ jLlil i-ui Ji^'i 

1 = lit “ Q ° sin (24 - 23) 

2 TC f .»<»j 1 (0 JJj-Ij LjjJ (jlj \ i ~n jLlIIIj 4 i-k .till il£ <jl ( j-l* JjU Ijj^J 

. (jU_)ll ijilj (jIUl (_|ill I SjSljJJ Jjju f 

: f JJjlII (jJaJUjj 


f = 


CO 


1 


2 7t 2 it VLC 


Hz 


(24 - 24) 


: 3LU1I S jllall > UiUI U <4&)l <SLUI 


U = -i Q 2 /C + y LI 2 

U = 1 Ql + 1 L i!Q 

2 C 2 d t 2 


i*u. = Q. iS. + l iS. i!S 

dt C dt dt dt 2 


(24 - 25) 

: (jl JaJ (24 ~ 25) <laUII <[ioli4jj 


. a |§ + , L ilfil . o 


(24 - 26) 


dU 

dt dt 1 C dt‘ 

v* l-lAj * j jiTi V L*jlj tulS (JJau ( jj U <JLU\ 3-2 UoJ I (j| (_g| 



+ £4.0)11 <ilia ,jl‘ jiAllj »*U*^«11 I <5kjjhil <0lo fjk < oLLJI »(JL 

jzJ I <_iLL» Jl« 4 j — Q 2 / C Lilia JI 44 J • (IjIj IjljL* (^) LdUj <ilL 

L I 2 


fMnn 


i 


c r 



\ 1 


( RLC )3ju2^4 ijiU-l/Vt 

i jLll) Lilt ijjlj ( 1 A -- Y i ) jc «* ti 

Jm 11 R c^jUL\) C ■ ^ \j L > .il* * i_i j ~a 

: 'lij> I UJjllI jLuil jjirti £k ^(jlll ^ic. !,i ; aai 
I = I 0 sin cot (24 - 27) 

& = £>o ^in (wt*<)>) 

(1 A-C^) i y jA^Jll jLfoi 4 1 nil u I4A j 1^ » i'i *Slt 1 1 2 jtlall 

uc fjl jJc n 7-1 1 Jjl ■ ■'■ ■■• 1 » **» t La^)* J+aJI Jtki jil I tjljJuVI tJtU £inii() 

. <J jLu jjj* ijaljJI £y* 
jJk L* <ikkj jjfi. L vJdll ifiji* (jJ*- t/^ll . 1 4 >1 1 yj>* 

(24 - 28) 

I lj < V c = Q/C V c jm C > i t, H I -< * 411 * < J>-* 

.a&dljl I = dQ / dt jL-S 

i A 

cos cot (24 - 29) 


V, = L 4^ = coL I cos cot 
1 dt 


Q = j I dt = j I 0 sin cot dt = 


co 


V c - 


coC 


cos cot 


: J* Utj£ll OfaJI a& *ill j 

(24 - 30) 


: £ua. ^ji ( j»jli ^jJoju R L^jlitl ^^It ^ L vik ll I J+oJI 



V R = IR = R I 0 sin cot 


(24 - 31) 

: I ijjljJI jj^Lc jjJc . I f 'v ll «ULm»Iju 


* = v L + v c + V R 


% = 


(coL - 


1 


) cos cot + R sin cot 


(24 - 32) 


coc 


tan <J> = 


sin ((> 
cos § 


; jjSu &*-ki (]) <jjl ji I L*aLj * JJI jL-ouakVj 

(coL- I/cbO (24-33) 

(24 - 32) 


R 


^ = I 0 ( R tan 4> cos cot + R sin cot ) 


ip R 

cos (|) 


( sin <|) cos cot + cos<|> sin cot ) 


I 0 R 

b - sin ( cot + <|> ) 


(24 - 34) 


cos <t> 


(wL-1/wc) 



(24 - 33) AlabUlf cos <|> 

ftOcli <ki ijxti < ^jLS Ci 1| >1 « L it n ^ujj 

J iJI £ luUI Ro^ULildJill 


JST *Jt !ji L£ I dlij u^tj | 


1 


(o 


Z = \l R 2 +[ coL - — 1 2 


coc 


coc 

(24 - 35) 


COS <|) = 


|R + coL - — 
coc 


1 \ 2 


*\YA 


2 


(24 - 36) 



(24 -34) 


8 = I 0 Z sin (cot + <f>) 

8 = * 0 sin ( cot + <(> ) (24 - 37) 

IS < jj jlil jLUl Sjilj yi impedence Z Z = ^ 0 /I 0 ^ 

<J> <^jlj uj^j * J 4 *JI C& phase angle <3 

Lags behind udLL* jLill ^1 JLL jSokj (CO L - 1 / coc) <^lf oil£ la] 

, n ^-11 lcsds 4jL jlull j) JlL <JLu (j) cul2l I a J Liu < 


: (RLC)SjilJ ^ ISUaJI Sik-o/U 
: Sjj*a)J fjic, Ajjlull yi AJJjltl <2LLJI Jd*-4 Jj^jk (jjili ifiaJO 


s* 2 

e o 


P = 8 1 = sin ( cot + (j> ) sin cot 


(24 - 38) 

(24 - 37) ti+aJ(j (24 -27) jLull hVn i i Ltdl^j 

( jJk tJiill CiJn^ill ollJI jj| Jau Olj tijjSdU ^Ijdklwljj 


®0 -T 

P =— (sin“ cot cos <t> + cos cot sin cot sin <J> ) 


(24 - 39) 

jlit i > 1 ) y-lajJI JLu^Jll Jjl J ,y\ jLxail <i*L£ SjjJ i jJc Jaxi^ill J_Ll o I 

:^*(T = 2tc/co)T (fjjJ o-O ‘ sin^ cot 
1 


1 [ l . 2 
T Jo S,n 


cot dt = 


'o 2 

• <s I * csjbuij cos cot sin cot jlaUi ,^1*^11 -la^jiil tji IS 


T 


cos cot sin 1 " cot dt =0 


(24 - 40) 


: jJk ijiljll !ji iSUnJI JdU JjJU* Jeu^jl* (jjSL vdlj 



- *° * 

P = 2Z C ° S * 

% 2 

= -I^LL cos <j> = l rm$ Sr m , cos* (24-41) 

jUJI 5 x^ 5 £>* ^ m « = *0 ^ *r m • “ *0 ^ 

. Jc 5jSlJI ^ 

i^lill ; ^illl > ijLcJil jLjII ft jjIj R ijdill <jV Ijko 

Sji i il I J J > « > cos <j> ji> mi) < jLolIj | ^ (jut i U|J j 1 1 1 n » jLj tjjlj ji 

. Power factor 

: (r -tt) jeu 

•3 . 

(jl£ I jU . jm*I 10 x 2 JJjjL* jLu l^j Sjil J 1 CU.IU ■ * Ji^j 

t > l!j<ll jlfi ti^ll i» y i tla^i jjjjl IOOOjJjUI 

: Jail 

(X c = 1/coc) ^jLy ; reactance > *1, <11 <1 cLL. 

X = ^ - 1 = q 

C 2 rc f c 2 tcx 1000 x 10' 6 

V = IX C = 0.32 volts jfaJl j> 

: (t-Yt)Jtli 

■t|A ^ji 450 <^j(Xu Jiitn » (fjiA 2 J^iju ^ji 50 <jL 4 jlLt v.il> 

9 OllL jljli I SxJu tXa^jl . 50*JJjJ Ja(ji 220 jj^L» 

: JaJI 

x L alll <Uc.lL* 


AV. 



coL = 2 k f L = 628 Q 


*l = 

R = 50 + 450 = 500 ijSUL <J^lf 

Z = (x 2 + R 2 ) 2 impedence Z 3 i^Ull 

= 803 ohm 
V 220 

I= Z = 85J = °' 27A 

: (o-Tt)Jll. 

I jl . j ~ijji 600 tJjjJi U (yi SO j i n J i^Ti LRC Sjjlj 

L = 4 m H ; C = 10 fiF , R = 20 Q 
S ijjloll J, ,t *» l If j . rfl i f J£ (j-lft . V |-aJI j L >4jSjilall jLklll OaJLi 

. Sjjitl Jala. 

: JaJI 

Z = ^(R) 2 + |coL-— j 2 
R = 20 

(OL = 2 7C f L = 15.1 a 


l/coc = 1/2 7t fc = 26.5 

a 

Z = V(20) 2 - (15.1 

- 26.5) 2 = 23 Q 

T V 50 0 17 A 

I = — = — r 2.17 A 

t 1 ill rfll Sit ta 

Z 23 


V R = IR = 43.4 V 

R i^jlill j*. Of^JI 

V L = IcoL = 2.17 x 15.1 = 32.8 

V L^jLII ja jfkJI Jji 


An 



v c = I/coc = 2.17 x 26.5 = 57.5 V C uiKlI ^ 

: ■*. ■-«- tan (j) jj jk ■ -jj cos (j) Sjjiil 

col - —) 

coc / _ 15.1 . 26.5 _ 11.4 

R 20 ' 20 

jLull * I Jj -^11 ‘ «l < <j_ILuu (j) j f lail i^jlj <jl Laj(J 



: \ uu,da LuU^I £l>*Vlj 21^13 Y! jLu_t/ Yi 
^Jl Ijjlxui < 4ouataLuM^£II CujJai juLud\AY*\ ^Lc 

IjLi <ji i-4jj-a 1I (j-»i . jLill jjIjj , ji > iVv « jlf^ll jji>» < 0 .^ 

: <JjUlL ij Ucj Lj iiijlrtl ~Jl 4 VLa^* iZjJij <‘ILu ( ji juu 

B d/ = u 0 I 

0 (24 - 42) 

■ ( j4A*l iac.ll ) 4 j^uj^ 1I <iiaJI <^.Luk* Lfjll jLill Ij^u yJk I 

/I 


I 


/ 

/ r 

I 

I 


* 


\ 


\ 


+ 

+ 

+ 

♦ 


/ 

/ 

I r 

I 


► w wt m 



\ 


\ 

\ 


0; \z 

I 
I 


V 

( 2 ) 



tt-c i)jC-L 


«i<^L 5 Y 1 ^ jjpi L*£ i t t ^ ll l jl/:. (£ yi ij &JI Sjjlall « I *« j y «* I 1 

• ‘-Ifill Ufa} CllaJlj v al l ^ l u ll jtu jjaj ^jJI tiliuJI Jjjx jujl : -■! «l~ 

U Jl^ll <jl JaJ ( Y ) t ( N ) (jMilaJI ^jlc. Jfxal SOc.ll (ti tli U IjJj 





= iili 

2 n r 


(24 - 43) 


SjcLj jifi. ' (JSLtilL l£j-» la£ Olahjl (jjSyj < 3JtiaJI _>Jai ■ • ■ F <i*_ 

jl jIjj ( 5 ) <ia»i V Lili < i iVCI 1 £JjilL Jr>j~fc*i jjlJI ( X ) jv5j <iiaJI (jJe, 

I ' *> * ( j -. ■ > j^A* J-»-t ijxli (jt jJrtl (jjiLl lilij (jicj I C5^>UI (ju J»oj oli*t*v.m 

<-^ljVI jLu *L *— Ujf jLu 4j— a^j Jjj HI < 11 ij£jJI c»u liA (j-fj . (jl,. *CU 
jLxiJI jjSIj <J .i*rtll ur a v> J displacement current 

. ta i ... it-»i 'iii oVUJL i~fc 1 irt« 

MOT * » 

j-xili Ji*II I D <A.ljVI jLpjjlj 

. ijj&ll (j**- ‘ " OIaaJ 4 ^J*‘X (*>^1)1 


Ip - E 0 


d\j / 

“dT 


(24 - 44) 


(Vn% iti A ^kui v_J^>xl Li ^ijl^ll JLJ.I tiu (jl (% uli ^l^aJL-uL LujuI 

: is* (16-25) “-^uui 
5 (24 - 45) 


E = — 


£j)l <^Lut4 Q 4X11 4*»^ .*11 Cul5£ I . ^ciadujl Jjit <i-k ijjl 3ilj£ O’ ijijt 

Q — 6q A E : l jjk ^LuJI ulc. «? V> ml I (jj$Li A i . iVC 1 1 

yJk J‘ u -* ‘ g 0 LK*f^ 1 »■*■* U“» (T 

: (jl < Ip jLJI 6 Jjlu (^jLui ij4^Vl AJJ^J < > lV\l I jjJc 4>~t» i wll j4AJ JklA-4 


d\j / 

“dT 


dQ 

dt 


= I 


D 


(24 - 46) 


(jlfAJ ItJk (ji Jfijll J^MJ tflln. ll iSiit (jl (jJc. I j-A JjLjJ 

J^lj jUU dLJI yi I (jiiin jLu (T) < (N) OuiLJJ o m il Li . <La 1I (jjJul 

:u^<ikJI 

B d/ - |i 0 I 


irr 



: SjjxaII jjit j 4 x*l j)ili |Yj <ilf>ll <juuoi!L Ll 

j B d 4 = [i 0 I D 

: *Uja 1) jl'ul jmaI uli <ilb 


f B d< = |l 0 ( I + I D ) 


(24 - 47 ) 


j jYi ill ^jmJu tt«,t ~vj <j£Jj < ( j i.j i -fc IjLu (jtuJ <L»ljV I jLu (jl <Ja^bL_* jj 

. jox*l / Jjj^^uStL* (24 ■ 47 ) <bl*ll . jtuil jLlll ^ ui jU l.utli i 


: Ci -Yi) Jilt 

*i i!Xll £jla,j Jib ^»jtr»l. u >t t JUil ij-uii , JjJL* jLj ijiljj ■ * J»-^*j 

$ R UJu Ljjlj £jl jjIJ 
. blVtla E Jl^il (jj L uiXll C£f • JaJI 
. r < R LajJaji ■ *'- > ‘ i Jjjlj jjlcl 
te r* E ^jLuuj SjSIjJI ^Uij tf M 
ft r 2 ( dE / dt ) : jJk oliill jjJu Jj«l* 

: jjul / Jjj*u£L jjjill (> 


B 6 i 


Ho 6 0 "r 2 (dE/dt) (24 . 48) 

UJ^f jSjB O^j jiljJ qj 5>3 V < «« f tr> l .L^jJal 


B d* = 2 ft r B 


(24 - 49 ) 

IjVI ynjb t I B 

■ J* J-~i (24 - 49 )' (24 - 48 ) 

2ftrB = (a 0 6 0 jcr 2 (dE/dt) 


1 Xi 



r ( dE/dt) 


B = 


Ho E 0 




(24 - 50) 

(24 - 51) 


Ho E 0 

B = r ( dE/dt) 

8 = # 0 sin cot 
Hn En 

B = — - — r co & 0 cos cot 

LjljLi ■ i ■ A ‘ ijilj jjloi 4 v i'XU ^jli jl i*f 1 Jif) 

JL.a- 11 jjl it R 2 8 jl . n u Sjjlall * jji jUll jjj | ^1 I ( r > R ) r 

• £jU 

• <— iS£ll ^jli JUll *«uJu J i n> i j4mI / Jjjni^L jjjli jjJui 


Ho E 0 r2 & 

B = 2 r dT 

.B = £oJo_ ^ w cos ^ (24-52) 

j£j-* U21II jaj £* I y_i i «« l.Vlj v iiC I ^jU ^ i«n JUll jji 

, jU <i jai J^J* <4ti JUll ulla 4 *Ju£ll 


J,|>uiSLi Op\j* - V/ Y t 

( jj ^Linfl ***V j «*«VU1 1 jJI UiLuYl (jjH(^aII jVI I ii^*i 

: ix^i Ji>^L« f-ujL ui>«j Cfrilji <Ujl 
OHjU Uoa^l Jjl I Sj^i^ll < _ r U Uj^UI (ji ^>lj^ o>iLi - N 


I 


E dS = 


_ Q 


E f 


(24 - 53) 


111 ^ic (’li iLllI 4 jjiijLa. |Jaui JiJj S^ja^jII 3U i«>ll Q £u 
. <UIj lu)^JI U mII ^U lik» 



: J^J <tfauiut->L<^<dtcnjLa- ulH^* — X 


B dS =0 


Jju di^J t IjltA ^jLuu 1 iU a 

. >»4 i_Jrfci CtLuLiJ Joii 


(24 - 54) 

l*fcU>» ^ Inij jll ^jl ^ic. jj-ajjj 

.Aajj jjSHj < 5 JjL« ^ ja<utr>Lu>« *-»UaJl 4>?rJ folC’ 

: tfljljli oLjili — X 


E d* = - 


I J^Jo^ ^Jrki (J.\.» jk ^jl wij >*11 ui 


(24 - 55) 

Lr'eA^ 1 J^l U* L^iJ 


. AjuixotaLLalf 


jju<al / — i 


j B d i = no ( I + I D ) (24 - 56) 

' cr#->^l U^f^l Jf** J*A*-»>* (^0 d\(//dt) jilp <akljVI jLj £jaak 

» % gr!>«Vl \mua 

(jjij-iiall * 1 x 4 JL^x Li^l «Luj |^l I oUamuJI (jl ULLlu Ljj^j 

J^dl <£>afc (jl jLjc .1 uSLaj dlj (jifcj . Jta-ft o l t A . t JI <5k_>a» <j| 

. ^mjtnLuL* JLa^a I 4 t- ! > L^v i 

JS> (titl (J 1 LaSk f t i" t I <1 > Jo— i. ^ d j -fc .. Ti qL>im £y 1 I IjLu jjl 

> . > i a |j l <JjJo jUdl aLo-iL J r>_ t - ~ fc j * *d l (jjljl n ud J 1 > *>* * <J < ( N • — T 1 ) 

■ p <1 a .it II <4 > JoIi <j&£Jl ^ji ijjzjjiy , r *jJo4 

y \ t ~A\ (v--«t)jca 




(jgj l I fjc Lu'i i jJ lj < ^ Uij (£.111 I 


• ( Q / ^o ) cllj JLaJ.) SjuJu E itu> E2 jiiY 

OjSL>, dljl p jLJ.1 <> /JjL ^ic iia-ill & 


2% i ‘E = p i! 6 0 

E E — (24 - 57) 

2 k 6 0 r 

I = r v : J\ f/\ . LuUJi j-i jLJI ^-Lvi « (jJ SjUl <>-)> .Ml ^ I jLillSa*£,j£J 


E = 


I 

2 % 6 0 r v 


4x^1 


(24 - 58) 


I jl i“JI 1*11 ci!^ ^'yt ^yiALH ^x i i l n LIaXt JLaJ.1 :_>■*» *1 

: 

B = p 0 W27tr (24-59) 

: (jJc > qujLLuJI c^jIaII J)-* 

E = — 5 — (24 - 60) 

S 0 H 0 v 

LoJOl^J [ a | i ^^Lc. (jlj-^1 • i «^ni jhtr<»t|1 JijJj-fiJI (l^ILaJll <j] <Ja^L» 



(»-«) jsdi 



d 


v = E/B 


v 2 = 


(21 - 21) "<UjUil J>» Oaa Ufl» J£ ^ *LaJSl 

: >* v , E , B x»l«2 yil f j^UI u) 

* (24 - 61) 

(24 - 61) * (24 - 60) 

= u1 


^0 ^0 


(24 - 62) 


. *1 u ^ m.j ti> LuL«j^SJ I I <aj*v 'jA <11^11 * JJt jjj V 

= 8.85 x 10 M-o = 4 tc x 10 

v = 3 x 10 8 m/s : ^jLJ ^jnijtrti *< w«^sji ciU^ll 3 a.jxu jji (24 * 62)* 

• (S I c >*>1^ Sjl* Ifl j*j* u^b £ lj*ll u* o«»ii ^ 

1 





500 AjIaI JiAj ^UUI 5 tjixl V iirt'o < ^UUI 50<W* (J»4<*>i^ > >11 <->*fcll J«lju IJIIII I — \ 

5 " 1 000 ^ ^ t-^iill iuMiltl ^Lilllj 
XfA fi?l3004-yli-*J uH.»j 1 I (jifc JoaL jljL ijj ^* 2.5<1 a^ ui!&» — X 

Jo 2 / 1 000 JaJ»-i 30 ( if r m s = 50 V ) <1 LaUI otiljil 

H (ji jLfjJl J^jl . jj jM 

J> la < _>^0.001^ «ln> t<i^l imM <11 50<jL 11 JJX. (J lLb L-li» — V 

^jl^j *.iL <(^ i-il 2000 <LjLii v_J 2 ^^ic. ^ 4 ^LL» ^mu 60<l™t 

: Ja^ji . <il400 

? C^OUlqu J.Lc*- 1 

j ^ I jJLV I i_aIU I jj ^jjloll <_iJJL I ijk SjjjiU ^j&II <* 1 IjJI ^j 2 ll — v-j 

5 J 4 >* 40 jjji* jkf^b 

< ^ 1 0 <AjUL^j jijU^jjSL>-« 2 . 5 * tsS*-* 2 . 5 >i^. e-LL J^j— i 

O—* v-oa—JH jL^ll jlj-i-« Xa^jl . jZj* 60 JJ J^-* -M >^1 00 - L f -> j J « *» * J-^- 
5 Sjjill JdtliL* jljL* L^j S ijjljll u* * JJnl I Sjjill { jJk L^j 1 jjiitll 

OjJhJ j3 J* 50»JJ> I jLfJ < Ji >jVmi uk CiLil 1 0<j JjjjJo > *L — 0 

jj— c <a ou > »L >-iiU j&j* fji «^oj » 1 ( r m s ) <11*111 

$ (^^Ikljll wiill fjM ( r m s ) JUill j+»JI j^jl . 1 kjioij oil) 3 

* if jj j-l* j {) jj «rt>i jljl i^j ^j-* Q < 6 ! ‘* /j< tjLiii* ^(>111 (j-lc J ‘ ** ~t j — *\ 

: ja^i . <LuQlL t < Jnj^ilL if if — 1.8 sin 120 7t t <.ij~h 

S J£ (jJc <i*>» i Ml jiia — I 

S U till ^i«Su '*‘ | * > (j*^* ~ v 

, \r^ 



$ 321LII * igi^lL <iLL jlo^jI — -a. 

"| Q ■ » ■ J ■ -~ * j i jjjji 0Otjjji> JoJjjil 20 tjjJ ( r m s ) JUi jj-a* - V 

S Sjjljil (ji jLlII Jflji* J^jl . 

«M>*1 20. V -. 4— > >' ^ 0.1 A 

s jXuaJ. 1 u.i> i iij (^jJI jLull jl.iL* Li . jjjji ( 180 Ik) 

( jJc ^ j “ **■ ‘ ‘ I jl ^ifi, Ijj < 000 JJjJ Jut cjJLi ^ J *> T>l( LuLJil UIII •> I — ^ 

§ f-u* 2*>l»* 5^UV>^5000 

<Ivx« >-*!&« -la4j-i 1 1 0 ( rms) <JU_ill jjjZ* jXuo4 — N • 

jjS ^ jLoJJI (jjSLt ljL*J j 3jji ^QjXbAll jjjii jjLi IjLi . jIjU^jjSLi-*0.05 

$ j^SOOCb *' 1 jj^>j 1 ^LuaJI 

cJU^j . 2.5^ JLju ^btf»A* giwJlj^jl 1 Ocelli I 1 4 . j • RJLC SjjIj — N N 

5 SjjIJI ^ jUU jIjSII - 1 : Oa^l . jjj4 71 /200* JJ j3M>*1 00 JJjl* -Vf au i 

*5 ijX-ill J *L - -a. 9 ij.l -all I * jJ-UI - *_J 

: S jj^all oljjjlll iilc <ijVI »H <jyuJI i.ii in> I — NY 

6 

Sjj>A "1 0 •*— ■**■ J b^— — v § j— o-*1 000 ■<• jljlAjjSf* 2 — i 

6 

^ jii^A 1 0 kit jIj(j^jSu^300~ j § jo* 50*^ 0.01 ~ -a* 

1 «’ij i , ia>|>i 1 2^ajU*uj J io li l *>iV. j i.i *\ 0.6*J^» Ijl— u lJLL* ■ - NY 

tjjill Jlo^jI , jjjJlSO < JaJjil 20 ■>•*£• <4 ^i j.l»a>j Juuj Lttlk j^jl*I 3 »■->*> ‘ ‘»J 
5 v. tL l l ^Ijll i-ia) I J^lu ia^jl 4JjjII jiUol 1 £y <ju^iwtl 
C^jLL* ^jijia JjLilL Jjk^j < Jajjil 0 <ILaaJI JJjL iA|aJ jjt i mi — N i 

wiL pi jaj.*] 1 0 jlu Lfj j-*i < <t> l ? * 

jL— J ^j-»L O-tuJI i ^Jfc pa jjaal 4 jLl <J jaI < <Lt— .iill 

50j> < ‘ ^>t I jjjj jjli Ijlj . v_ijSLllj kJJJLI tjil LJL Ij c^jlil I ^jjli jm«I 5 



$ i ftfll >,lUI jjjl.il I £iaJI JaIjla <LaaA -La^jli jjji 

JlaJCLuV 4 U>i A (j £« j ^juoitJI Lajjjj < LC SjjIj jjJt ^ylokj jjjlj jL|A —No 
> ,il aII jjjl j]l £tsJI JaUla jjl£ I jU . C > tN5l I 3 *au J)C till^j t I ■ -■ V 

<.jKL«i V £ Ij_a'| < jlaa *tl i I Ou . m ,ji i jJl (_£j_4 Xa^Li . i a 1 5 

^ 600J] >>*^1^530^4 JLI ,^1 

C = 2.2 x 10 6 F, i P y.i.i^n t tjin ■ *...-.! — \*i 
L = 8 x 10' 2 H 

L = 0.5 H ; C = 2x 10’ 3 F LRC*jilj- W 

joijj24»jju > ^ u«*v mi 4 ». t^u ^u Su t — o (> 4 j xtR. = io n 

• -** 

S * Jjj (J5k ULLJI ^ aiill <iwj La — t_i $ SjjljJI jji IuIjajVI <SLLJI ja^jl — I 

l^ml. a.j. i > .i-irfij ^jl A^jlall jji UUJI 1 a j i (jA&jj jjSLI ^j^UI (2>AjJI La — _a» 

• * 

OfajXAuJaoi.R = 1.2 O , L = 2 x 10' 4 H Ifai LR S >ilj - NA 
co = 3000 radian / s , 8J, 0.5 V c*ili I jli 8 = Sf 0 sin cot £u^ , STjj ju 

Ijk S.U l 'll 1 mJall Jaai^l^j jl.A.ill jjJaJI ^jljj « Ajiljll ,ji jLu >A^I Xa^jLi 

9 Rl^lill 






jit 


Modern Physics 




( Special Relativity ) <LaUJJ Jaxuall JjjJaSJI 


ft jlft Oft La* aJ^J < 4_walaJi tta til ftj J | it'll I Oj ylaj N \ • 0 ^kLc Cj_^xI I £.‘ 

ij\ £yk Jj^w^Lft <J| L* 3 < jAf ^dbullil jjjill ftLjxi i^aa) La^jjj <Li^leall 

,^a^) jx Jj ft J^t^ft 1 > j <L^lai 1 1 ft 4^14 jinjULL*Itj<L».i^|£kll jJlIjJall £.1 *.y 

^Lj Im nj Aj^fO Ou^yl I tJJj < . «j ■ -~l I *Lfcj^aj jjnii *«> 

^(>•^11 Jiliil Jaxi^ll <il 1 i Ajl dlajj « jjjVL y > i hj ftj^ll ola^jJl J^la» 

f? Ij-Vl (i jJc ft^ul^j 4 Jax^jll I JA <j& ijjJtl ijAZ oVjlrfc ft Ojak . * «> j m jW L ’ JLaj^&Jt 
<IL%. ,ji l*£ I j-ft (jJt 1 1 If jum wA^Zi Jj^j < <l^ljLi jihVil ^^lll * V J 

ilaftil <(S!jaJJ 4 i> j~i‘i jft ^uuIaUM^SItl ^IftwVI (jl J^u^L Cuil Jtl $ * ^ I c'j-vi 

g 

. dilj 10 x 3 if £_ l. ft .i t iV I *Lc> ia ^u4 jju i tV\j 4 itl 

^Uaj 3 liialL «Lulj ChimI ^JaftlL ^ ft^j-kt C£^ ^uullj Hjla : J^l mill 1 iVij 

dlaO • f 1 Lti f Uii <> ^.ft.tiLlI ^ > ftH V. Lftlij^j Vlj inertial system tf 
^c^LakOi^j. LLUiJl^^louftjiiJIo^-l 

V jl ftJ^UAil £dft dj T ki lj JudJjll (jlfkl ft lj-4-44 ftUiklj ftJ-hAll <Lcj*44 (jl (jrUll ^ixij ^ t-ft 

(jl (J Jt ijajI Lfi] i&uoft 4 Lftj jn«i*t <jc ^L^jaill Kul >jal( jaju <l^m ft . Out dj^u 
^Uull <2kja jit k_ft^_jd>i jjl uaJ ^LuiulaUM OuiVl ^^*wi ^1)1 iuljjolll ^u|jJUI 

Jjirt till £yk <J L L*oi JjLiU 4 (jju(jiJI * j-ft <ti <Siik ft ^all ^j^yuaitl 

JIU Jd-u<jj1 Ay+j Sjii o^J V^>aj ^illj 4 *_>ef-iil U J ‘ “^. t * 

Lf^lj 4 ' "kljl I <(X^JkJ jSlS V <Uj44l jL 1*^* ‘“■“ Lft£ ~i A J II I ^SII <Am&U 

Cijuftl dla • tjllill Japi^jILj jSlZ jlll Qj4 a! I ^a^44i |jc UjJ^ja ji t illAi 


Me 





Cs>*&** ^*>£- y / Yo 

( Michelson / Morely Experiment ) 

d Li..lj > Jji <LL*AaJ>I tjj * < rtl I olj>Uu)l LjJ ^J| IJJI I ill | I 

( \ - to ) • J^lilll j'ltmKj* 


Mi Mi 

/i 
/i 
t 
i 


-*v 


5*- 


-►> 


A 




tM 2 


, , ; i^ jL~ < . m J£<~ ijU ( A , B ) gl_a.jll j • — l£L*l4 igiftLS 

< njj^ll tjiii i iiAi (jjSul i » Ail I <ijii ttiLi ^.La * A ^aLSII jjilAll ^UoJI 
^ i <i lij tilljjj < »^ib l^*u iiL S |^i i all ^ ^Um jlfi Llm I jl 

(Injun (jGjjl 4««1« (jCiLuu** UJb 2J < ^JnUl* ££AIajI (jl£jaJu £gdul ^|] ^LiuJtJI 

3Ja2a1I (JmJLj Ji\ La_a jl i^jj jLJLI lii^iui Mj , M 2 (jGljJ* ^jit. 

<klll jlkit* ^ B grlfejll 3 aL2 £*Aj j>» t>A>^b • (jl (3^4. ^sil 

C^fel 11 a , .til jKJ optical patti^u tAJI j( mJLIo^o^ M 2 sl^JI 



3 j'ij r ,ji j I l»\j 1. « f m JJLljI Ait i ■ t IxaIj AM 2 A &AM, A 

< i-iit | II l^Jjj AiA jaVI (jt jjj L Jil 1 > l JjJL > ill *k I lj| 

o* jjl ^ "t ...U ^i j ll ^jLaVI»j i A ll t, Jj JgJ <L|jl hi « Sj^IjII 


I -Li-*A3 * 90 Ojl jl tj£*j ±**i ^ jLfaJI tr lj l >-M aj «« K > * ^*^5 

fcLit.H fclaJil jk A Mj ^luitl *LaJtl ^vii ( ji V jijVl k.^u< Cul£ 

»j lAll >i\ (^uJI j^jll L i l jjk (j.4 A <Li L < ii.ll (ji > AM ] 

• (SJ^i A M 2 A ULd\ fJcaJ 

L L 

t, = + 

1 C - V C + V 


l l = 


2 Lc 


(25 - 1) 


■ ^ «" m ^ -LjU4.il .*^11 jL^JI A.4L 4^Ll AM j »jia 1I ^U.<» L*l 


A MT | A jLJLI ji » - jirttl <c_)jdu tdljj . v jajVI ^il dlj 

• otc>. <J I i vc - v ijjLwiii 
: ji AM j A jLbull ^Li ( ji »ji All tjAL ^iill t 2 

. _ 2 Lc 

‘2- 7~ (25-2) 

(c 2 -v 2 ) 2 

6 LajV I <_>A jVl ixj-tu »LmI »J . A )I j Lh * J^la (3 j-* AJj*-* tillj 

jljJLk fj) s^j A L = 2 c ( tj -t 2 ) tilt ^ < A L 

^l^jl • ^ Jj^- ^ jj | fa < AL = 2 L v‘ / jJI_>aAall 

< (jaJVI *L»Jl ^Jc 00 jL|_aJI j4jt L* I jl t (JiJxjJI i.(,t |l <L^ljj {JsLA 


. Ljl>* am 2 a »jiJJI jjinj A 



^ \j J ‘ J «*** (f] ■ULl!L^<LxLH<L > )Ajll 3 l^jVl O i l ^ alii 

I'jj ljjl£ »ljJM < jilatfljll Sal^lj <Lfcj*JI jli <JLiaJI ^flll Lu * (JaLlallll 

. JJjVIj ( j.4a.lfcl L* ala^JJ V <j(j jl ^1 * KiU <JL*. 


: ^«uJI A±>IaUl lWJD®-^/ 

V Cl Ll Lull (jl (jAljaUl ( jle. 3 A> » Lj j ill ClJ» ill) I 

<ju v_ijLualJI 'ji (ju-uujl J^JLi <jf *ilij ,iU<.t."JI ylt .1^1 tjj+i * al^ttljll 

■**(j »** (j 1 ■■ iii it"^ * 1 ^j.i4i^L» Mjjlaj Ci I _■ • -~ ** * «■ L^JJ * * 1 tji J I 

<jj^.lJ <xilinll gjtaill i^j (j^liauj j« tlil .lil ^LuiuiaLuLoj^&l £ (j**V lj *jm&1 I <Lc.jjui 

^>1 1 ii. 3 . V I »j iAl 1 JULLi I (ju \ frjl ,.t%yJ V LL- Ujl i Ti r. L (j*u 1 < iuKi > 

^Uilllj . * s y*atJI ^Ij^V ? i.i ii’JIj JiAit ini ftllaj V <iti (jLlj*£ <j£lj < «L}alltl 
ftJI (jl ylc. (jAJ J (£jJI I JJaUtuUI (jjjLi <J_i (3jll>4J CiLulal^^U ^aUa4^Jk (^JJ l^l ill 
I (3^43 ^l-> f ^ 1 » »^*i fcjljx* joi Sjj ^JL* L£t, !*< JIm (j^LaJI 

• faUalll Ijjk ^Lj^ill 

: Lti (jljiiiLau) (jguJftji yic i Irtl-fcll ‘ •** ^ £g*** "*“| •Ljlii 

( >uij JlaHi Irfi ill <i*h*lVl ^ i la, I j LljLljxill jil^lftll LjU I yi ^j 5a i — \ 
ji F = m a <JjU1L dJQll j^u j^iLl jt ■ill (jSL*j • ^U4L)II i 

. faLUi J£ fuSlI (ji* ii a , m, F ^oill (jj£j V .u (j^j < ^ Uii 4^1 

8 

(jc jla^ll jaL i all . jJL* 10x3 If 1 lj\) t_4jlj iojli £Jjill »J I All — X 

.A-IJI 4miu j^iaII jjrnl I ^c.j*ii 

Liii j.v ^iu Laj|j < Ulkll Ci Lcj^aJi (jaiLi (j^j V <i1 1 ^-‘ JjV I (jaj^H 4 ^ _****'■ 

< t igl l L {jj£j L^jLt ! jlj mil <Uj*u jc )(li 1 \ > Kl I ait_i . jkl ^,*i*T*l <1 1 n**JL Cilfj*JI 
ji lllj Ti 1 lartjl (j*> »i *J Ij > (j irt . i5 ill i l aiillU (jij V I O^ja* lij^J Ijlj . 



kia^jS V « I Jaj Cilj i^l LuillL JjftL Ljul < <LLui I ujJ lltj^i 



I { jjk rj «rtll <Lt_pai jjl oCaj] jUtll I Y & «j (^*i itmj "*^j 

. «Jjua1I 3c.jajJ (Jaju (jl oUa Jaifcj (fit j^Aj V <i|j < olfcjmll I 


: ( Lorentz Transformations Ci^jaj - 1 / to 

■Xaawj 4j bull I ji . lij< inill £jJ-j 3aLH»JI qVj -e!) I (-ijjxij VjI l.uj 

• ^jill til l^ai jill jllwiVI jjUa jk LitL ilalj 3Jakitilj 
Ltfjl >> t> *) . bSj'kl » l »<!>■> Ct^l (j*& fji l«f «Aa jl ly «» ttL (jl^j *fc*ij jrUJUajjil 

(jilt (j I • <? it> "h > Ctljl in >!*>•% a oLfcj i nl 4 * u 1 1 ^ hi %ll jL|a<u 

<£jaJ I V I ijk <ia.'C (jgtUaaljll J^kl <1 jIaa yi Gwj-^l I jj 

<ij-aJI oVjaJi (Jak £yk Jjl jJJU, ^il i> uii 3JJIJI O^jjakllL » JJk uJjJMj , <jjXuo 1^11 

. jil ^Uaj 

^ » ...’Hk ? *1 mil C(J \ * fJk 4.,_tlJL_aJI C^lj) “ill fjk ^Jli 

CiIa_jIj^| j jl . i ■>,* jLjIcL Lti A Lj till j jt jo,^ «ry U>« i nit I £gC*Llaill ^ ,,.1 

*U:VI ^ Lla ds-Uii u Li >^ ( x v , y v , z v ) , ( x, y, z ) 

Ll£ 0 , O Ju^Vl ^*iti>*i (jl < V <fji< »*i icjAiu >11 ua^ll 

. ( T — To ) JSLuu . t = 0 juc 




fjaij oLuIa^L I JjVl ^UaJtil P Jl* <Ja*i CiLultlaJ JttXiJJ t <A*j 

oVjUIL , ^itSII f LLHJ P iUoUJI 
x' = x - vt ; y' = y ; z' = z (25-3) 

: <UjULL i£lf>taJU ^ jlj-Lil j^H3 

t = t' (25 - 4) 

J£ « Galilean transformations <JJLJI o^L^IlL oVjIaII *jj> 
tJi Ma>. i^> Qj / itl ULU Lli 3 a>j tllij ^Jc^j < ^i(yi juLul jjlc l | i A < v * 

Mil JJU 1 4 J II ^6 Jrfuj ij Wn*llLi S_jji iol I <Jl& jl 

. I*1a oIaj** jlc Mjjji ittl I Q>tjjVill £^1 ^tjL 

L*£ ^xLILa O^t-Jjakj <laudl ^ jjJc jlu 


: 1^4 

dx' dx' d , v 

V = — r- = — TT" = — (x - Vt) 

dt dt dt 

t r\ dx . , 

v m— - v = V - v ( 25 . 5 ) 

cilj i k—ujjjJ) ^lilljdjVl ££-«Utuii (jllilUl I ( j(lx.j M J| LtA V , V £ua 

Lfcj^JI j^jJa jl ULaj J j Tt • ull M.jl.lLaJI *h.*tll taa^u J[j — *■*■ ^juJI (jt jjjl 

. (fralkill 4 juiitll 

t \| «ti jit ( 25 - 5 ^^oilLju 

d \r d \r d , 

a = -rr- = —r— = — ( V- V) 

dt dt dt 


dV 

a = — — = a 
dt 


(25 - 6) 

1 *4 l . 1 . 1 V 4j jm*tll Cul5k I jJ QuUslll S Jja(j (jj£i m£ja]I <UaX. <j| ^1 



. ( dv / dt ) jljiti a , & jjli Sj4aIL» cL(£ I j] Li . <LjL 

I mill LjJaifl >j .iA <L IJLaJI c^j II 6JUw La '>I i > » J j-J-ix.1 

^uUiilil (jo JiVi'i Lja 0d*jji . Lilj C »j « A 1 1 L^ui OJ^** *■ ‘J * * Cm -<.u‘iiV 

x = C t : JjVl ^Ihill Lm’ilL /><Su t j)Aj jaj , ( Y — Y© ) J&JLj 

X = C t jJk ^Dl Util LuaJL L^JLI kjjk £x&£ ^Cjj>u c^jjI Ijia^j 

fUilll Iji Uj mj 4-haJ (j[U Lt><jll Sj 1 >11 {J Jk t 

. t = t jj j2u j)1 La JajULi Vj . ^Lil 
Ljm * < ? >(L*n jjJlJI • iJJLJI jaSL j.| fai La 

< jaLJL^I J^aLil CiVjLa JjJU £-iJ^jJI I JJk . L m'lll <Aj*JI i.ijini >-^11 

^JbjJI J£1 -j ll LliL Cc.j_kMi 1 1 iLimIjj hi 1 ^‘i ^lil <jjVI i^n mil j, 

, m oil) 


X N = p ( X - vt ) 

y = y 

z = z 

t N =at + 7 X 


(25 - 7) 


. t^’uuu ( jle. JaAJ Cti(j4 Y , P , (X £uSfc 


: ^A JjVl fllLlI J)A (fji LS[ <Lj£JI L^tLlI <a^II <1 jLa 
x 2 + y 2 + z 2 = c 2 t 2 (25 - 8) 

: ^ ^Lll ^ Ualll j)A (^j3 L£\a<jJJ fjuii <JjL^j 

k ' 2 + y 2 + z 2 = c 2 t' 2 (25-9) 

2aAHb£-3LIUolL v (25 - 9) <LaHi^(25 - 7) 

Jm-fci cCbill ^3^11 C^LLa SljLu^j ( 25 - 8 ) 



p 2 - Y V = 1 
aV - pV = c 2 

a yc 2 + (3 2 c 2 = 0 


(25 - 10) 


p = a - 


7 = - 


v 2 \-i 


1 - 

c 2 


: <j1 JaJ oV.iUJ.1 cUmj 

(25-11) 


: J 4 J oVjlx* itllj Ly lc,t 


x' = b (x - vt) 

y' = y 

z - z 

XV \ 


t' = p t - 


(25 - 12) 


JjkH <j&U£3tj Cy\jl I /To 

I n i Ai I jji . J> kll i m ' ll Li LLj SjjJ* 

v 3 » i «i i ItjMU ( x y z ) tjlluij jjUu O ^Oki X )^ dkJl Ljl>* / 

i.ij < A il I ^>1 ijAjJi • ( Y — To ) Jlil i ( xy Z ) O jaI 3 t luJL 

fUi^l <(>L (jl . / j jk cull) I ^Uilll tjk xu»lj) jxa> L*£ 



. / ji Jjaall 


l v- 

^“““■1 I. ... mlt.l 


X' 


Llunli llii n ml I ji 

t 


(r-wjsCS. 


•\»Y 



/' = X 2 - X\ ( 25 - 13 ) 

. « r >ji Aill i oLjIja| LaI X j , X | £uat 

: jjk jiVI ^LUJI JaaIjI iiuiilL <Miii cLkuaill J^ia 

/= x 2 - X, ( 25 - 14 ) 

: <jl OaJ ( 25 / 7 ) jlijjl c£lt >*2 ^ IjVmiL^ 


2 ‘ X j “ 

P (x 2 - Xj ) 

(25 - 15) 



U 1 tf • 

CO. 

II 

/ 

■>* 

1 

vW)’ 2 

(25 - 16) 

P = (i - 


'■W 

i-4 

c 

(25 - 17) 


^*i iSLi i c »j ■ A tl jJLu*] Lulj (jj Ss v jV 

1 * t if lfjj» Jil <jj£l < <ljia ^ LSj-fc-f Li JiC v_J-uA2ll (JjJaJ <Lbiuill LaoJUl 

ij&La liL (Jj till ij i i j« >*J1 dlj ij > mjj . ji— ml^ll j j ...ilL li^Lui Cxy^i 

. Lorentz contractrion j3_ij^l 

*• “ ialj ? la 1 uljj Lilajll Ci Ijlil (j I juLi <fl mi Li^) i*> <1 1 I j I Lil 

: J^ijO j&jji ^Jalyu liiU LwiiiL 

t' = p(t--^j ( 25 - 18 ) 

d .* ( V “ Y 0 J^Ji ) O itlj fil I ^Uu ji L* jyi 3*1 J*i a <aLwi 

^llaill ^jk Xxttljil Uljg LS iflJIVi * CjfiAj Cjfcj *mQIF • jSAll ^1 f^yajJU ■ 0 jAl tail 

At = t 2 - tj ^Oculill 
Jj • At — t 2 ■ t j <LxijJI ijtlll IAA juli jl iaj 4iU 3frluJI 

: jjl OaJ (25 - 1 8 jSijijl 


w 



At' = p At (25 - 19) 

« jj jjLual V j| dua> < Uil J jutk^JI jiil P jV 

4 i m'llli j^Ly J iaIj ii^UJ ^iul Ijj J^Ll 3cL.J> 4lfr ml (^jll (^^11 jjl i^l iilljl 

(jjjll (jl ^|‘l« «J i i^Lui L»£ (jijll "LlSij.* ‘tl I <A.LlJI jI mil 

. <JI LuJL Jtlaoi 

• * • « • 

ajilfl *~(j olLllIj < ^Lx-JuV I ol jLr. J^jjl JA<*j ^ j>>| j f 

Jftaj L«y» < tjiflll (^» loa. ij±& (jjil If^lc jxu uV 1 ^jVl.oLuuiJI 

. Ij4ji P <L«i yi jJull 


-8 

« <Uili 1 OX 1.8 -»* (f ft lVhft J^lt Jj3 (ffji f-u-uaJ >a*J) 

lh 0.95 3x.jyuUJ JU.1 Ijj lift ^*£ L ■ JajJ. 1 £g^ tilljjj 

, 5 ^£^yy 

: J*ll 

<iIIJ^j(25 - 19) ^1*^1 ^iiu^ll 3 aHIj 1I U.L.JI j4jll 

: jj» 0.59 c JjaIa ftjAfc (jjSj 

. N 1.8 x 10‘ 8 

At = ■ 

V 1 - (0;95) 2 
= 5.76 x 10’ 8 s 

>A> *>** JLL>) 3&S £} > <*} J>a^ll ^umi> i II >aj1I I 

. ^ Lm 


*lo* 



: £4 'Uft&Jl 1/Yd 

■ lilj *> it I ^igaJl Hitl^ jifi ifcj— II jjSj ji ^ii i lull I <Ljlaill gjllj ^Jll Uij 

13) < Cxy^i rn <lii^ f iu y 4$l ^ j** oi <j<Hjfill (^xjl^Jll j^a >_ ^a! 

: CjVjIaI Li^j <j«Le. $jill j uYC jmimI lllla F <L±-uIjj La 

v, = v 0 + at = v 0 + -£- t (25 - 20) 

>JU <jL^j V L« Jii V t< j| guAljj , t fjjtj Jju <uLflll ^ i <1^11 <X.jjuu V ( vtuA. 

< h mill LjJouil ^uiLmVI (jAjiJI lijiilf 1 Ij) ^ ~>_l *> i rt jjA CajSill V 

• a^i All ji oltjmll u^ai I 1.1a. dllA jjU 

: <]jUa11 LL^j 4a£j*mj jaaaa ^ im->II <Lb£ ^j| jLlfcl uaj ^^*■■*11 all 

m = (3 m 0 (25 - 21) 

i * **** ^ m i x^l^ll ?jim'JIj L£L» i ♦ **»* |umJI rn.Q 

: (jj£j LjJkLLJI 3l2£ll jjl , XhAljil V <£.jdj±t 

m o (25 - 22) 

V 1 - v 2 /c 2 

< SjLj mIIaC jljjli »j i All Ljm d)A v ^ih^II Ljam cujjiil 1 «K <il 

. c fjjt v yjllt Lie Llfj V L (jd» l| A*ii <_jja 23 j 
<L 3L^4^UI (^♦ ill jjl llU^j . l4h>A~il V 5jZl £ In <L3L|3^UI 3Jtj£ll <jl ( _ r 4j^j 
icjjji (_f t Ll L^uti illj.>1 J f J m> Jj ^ «j (jSL*J ili dljj i «L ttlrJI a^ya^A jJlL 

■ »j*AII 


: « ■ -~**‘ V <Cj**u djftlll ^ m-^11 ^jjnutll <£>dl ^ 

P- mv (25-23) 

Vl -v 2 /c 2 

jA * ****.) *** SjLjl W Jjjdl Jcutl U ^ I il T> II 'ijj 1 ,1.11 U^^dl UUi I^ AJA > (j 

. X 4l*ljV j(>A alojl ^ K iaJI ^Jc F iji J^J3 Lie I V ^1] ^lu all 


*\oo 



: K P ^ ."^U 2jj....*H 2<j^ll ?SIL 

j v 

K E = [ V vd 

Jo 


m o v 


= m 0 c 


V 1 - v 2 /c 2 
1 


1 


V 1 - v 2 /c 2 

.-. K E = m 0 c 2 ( P - 1 ) = (m - m 0 ) c 2 (25 - 24) 

i M>iUl oVjlnil jjJj Jjp 3jj i t Hill oVjLaII ^ J (jl 

• Ur^tlJ <Lm1IL ijjUUA olft^ujl |*|j li 


: UUaltj *BS]|-V/t« 

3JIL HiU <SLj^uJ L* ^ Jjoj Ltjlc. 

ijLj ^uaII ji Li ■ {lC <ti& (Jlai! 

JiulM *> i> (jli Jlj Ui^wi <L;^mIL ujllj l >.it IT <LLi < 


<JiLiaJlj <l£]l £jU till j i J if. 5 jLj ^JJ f »«n>ll < ^lc JjXill 

. <ilLJI qa i.ijit ! V] ji L<ij^II jl J lilt I tdlj] <_ >*j> j_> • jit 1^*1 

: tr^ ^A* 1- ** ttlL jl ( 25 -24 ) AtaLXi c>m 

K E = m 0 c 2 ( p - 1 ) 


2 2 

= m c - m Q c 

me 2 = E + m 0 c 2 

Suit I jili; la*. ^1 <JjHI *li UU. ) 


(25 - 25) 

uAi<fk> 

(25 - 26) 

ITl q C 2 4x*£JI j4l U*(j 



m <££ (jl { jle. Ijj < {j* igliJLuj <ull • <ilLilj 

: ^ E <21LJI > \jM 

E = m c 2 (25 - 27) 

olio )ILi CiLl^jlj^lL <£i£ ^y» Jjj-tlll J^lc jJI »j .All <Cjrf4i j I* ■ jj 



4JjLluj4 


<Li/ jl* 10X2.5 la^ La J& <X.jjlu Cul£ I jti . I {j* 1 » A. Vf hl o Ut > a£Jj t— >jl*4 — N 

^.1 J ■» ~t 1 1, Li Kj aLudll ^l.t iL ‘umL 1 a |*ii» O \ jim*J I <fij_Mall J-a^jLl 

$ <j)jmill K_wilaa.il I 

<ljl«IL jjjJV ill «■ « - 4 £^uj j| ■*■ » ‘I — T 


V = C 


1 - 


m A C 


2 V2 


$ <ai£JI <ai lia ijJk E «lu 


oajlii/ j*4 10X2.97 10X2.7 t> au^j ojjj - X 

$ <lfi£ jji SjLjJI 

$ <Icjaa4j <al2£ • -M>2 (j t ala 1 uJL^l) <iU« ~ 1 

4 J J^jlj <^ig <il£ > ,t» |J> ^ j l 1 1 at ^*1 ^**^ (£ jl i t f ) >.< 1>*J I ^ j ig >1 1 “ 0 

ulj ^>11 j J f S <11— a. t jA C\ % i Jtlj » La2a j | ln*j I <— •Uoil jl.l 2 a L_a — *\ 

V-*^ 10 X9. 1 

? <cLui / Jaa 60 < c -^ >‘ * Jjaai fcjlttn JjJal 'm iJ jiililil < i ■ ill ^4 La — V 
LaIjj o^jVl <a< iiil L l|~tf j^-m OJ^ tjl ‘-‘^J I jL* . jla 200*Laki <»im JjJo — A 

100 J^La^ijVl ^ <> 4*a»lj 

^ 6 

<j>all <-a-Mull O-a^jl . £» / ji~* 10 X 2.2Cfr»JL>- t .H ^ i/* UJD-^j <-*J-“ 4 ~ ^ 

$ <L)jaaaia]l OSja <2 lla ^)C Xo^joill <a£j». <2 lla oblaaLV 

O^j til I jLi SjJ (J^l J itidAJ < <-u(J } t K j a 3 *J*L2 (>*j ,jJj (jrj-a-a £>*laa. ^ la *ij — N • 


*\oA 



8 

? £>« aJI <41 jJ Jull jJ Jia lj 4 * uj l j (jjJI jJk L*J i£j / jl* 10 ijjll 

vili j$J jXk <iLla . Jatji 1 0X2.04 Xfa. Jji ^ J^X — N N 

s 1 <i£ jt <o!j£ jujj Ijl.* . 

Jj_Li jILj: ^ 1 oi^SJVI ^ .uLUl *j— ill Uii. - NT 

jjj] pUy^uy i * jji jjc (g iU iti j^uji > <^jjVi 

4Ji£ fjc 'jJ oUj^&WJ Lj^Uill <1^11 ijLj 4 ■ • ••* ^jJk L* — -j . Atl <Lcj_m 


16 

<3j « * > i .r > (_gjJI u-a^jl . Iji* 10X4.3 tj* u£*-+ (jxjVl Cj& <iL— 41 - NT 

S <A_y lm 0.999 1 1 If j^u c*ll£ I jj ^auJI Ixfl LLjj LLk j * Luii 4 *n > i ii 

5 j jji 4julLa <c Lu*j {j*ji I j| ^y*j} I jJk L^j 

olkil 4 « ■ "‘ 100 Ojljjdl ^ I " * J *J {* T ^ 00 t | " * I jx. ^yJk 4 — N 1 

ynil ) <JLL ^J\ ^jK LfO-aJ <_i^U oKJI <JlUI J] SaLiJLuJU 

V ( J*— * / J>* 4.2 u ^/‘ k 4 ^ 

II J . tttft i hi ^*i ♦ ^ *Z5tiy 0_jjk Uil I <ij£JI ia^jl — No 

-31 

s(^ 10X9.1 oiP^^UI 

*Luai ijxt.lj Lajjj IjL* . jjlt jjjA 1000 Iajj jl <jlij — N*\ 


? ‘-^1 1 4c^ui 0.9 ^jluu ‘U.jmi jimi 


-7 

I jL» . JL>a» 10X1 .6 . <SLL oU wtv JI *Uacl Iji — N V 


S 42£j£k Cu^ /i & a I ^ <£^u< ,jx ^’iwt >JI > ol I 

i l_^L* 1 50 I >| .X»t ^ ^Ixajj jijVl |ikui jic ^ulLi ji jljUuil - N A 

« l 0.0003 *jjJ *^<u ^lill (till irf* 1 1 <xl n JJ JjVl 

i e^^xAll (^4 0.6 <fej. M 4J jijVl 4>a. » 1 iAi 4‘i j> i nl 4i mJL <j| c>nl 


ion 



5 JjVl Jxi ^lull jLkiiVI JjVl (j-» 

<_cj i »>t ^(_«!>u U <> j^i I SjjJf ciUal Ijlu . 6 j4>* / 1 0 5jJ <JjVTi — S ^ 

8 

< JmII it irtlj Ij »iitj j*i yj flV I <a^ui Ja^jl . IfJ C ui n l L <t» / ^ 10X2 

^ ij* <LLKfrJI CtV^aJill lJI xlniL 


VI. 



f£l\ AjjIslI 


: 4>^VI SjX'y 

£ L»-jm| <!• iit« t * i ’i <jl ^\ c^Luk f‘M i > Sj lj-a» 3-a.jJ £*j jjl lijJk j 3 * i M 

5jlj-ai 4 ajJ fJlj j >1 1 ii) La I jJj • ^yutaJI J^II uijii M m*>'i (jl 

0 # 

HxJuVl JLuijL IjJJ ^M^JI j! ^| 4 Qjlll l#^Mk ^L«>» ^JtL iill ^yuikll 

(jljll Ul~t-^~t Ijgl fj 4 tuitJI Q>lil 4 1 1 ij Ull ol>n 4 » I j a -J I 

^UL* (ji d&L (juiU (jl£ ^ < <> ^ II ^>^*1 *1 Ifift t«L»il I > i^UI 

<^kLull LubV I *jii ui*i ^jl 1 4 ^ IjumV I Ixa j ,*“"**; ^ *** 1 •* ^y_i 1* * 1 1 jjjjiJ I 

• ^1 mkVlj ^UtU L* i jAj < Iu^IaII 

jaJ&c < 1 4 j «‘i nu > , tiJn jc SjLfi 4J441V I ^Lulj jl #Lkll Ju^jl 




<iali jlc. I JjJaJ I (j I < <2lIoil 3ulfuil ClLuL2 (ju 1 jlaf (l£j Jua^j JJQj 


t 3 j 21 <_^ljV I ^ LL l_Ij_«j L* j-Aj < iiikitl ijlj^JI <-Ajj £.* [ i i.ljmLlIj 4 a, ill 
^Uil ^aJI J£l Llfi Uu-ilj di*L *U ^5 , Wien's displacement law 
( j-Lc X 4 \k t * <a^t JjJa jk E x UuiJLI OLD I £gj d -^.11 <jfoU!l < ^uVl 


: 5 i y mJI > tjlrtl I jIjIa! 


2 7t c 2 h / 1 

X 3 \ e hc/kTX - 1 


(26 - 1) 


Oulu h < (jLjuJjj Oi lu k < fjuaJI <Xj*m C i ^.i n.-vlt 3SI-LH 5jl jail 4-3kjJ T 


*j£i Juajj <-LLuJ I <Jj (,a « J 1 (jkLujVI ^ i^l jjCi'i JbU (j- 4 j . d&L 

J£iL Lix.Luiu.VI <1211* &Lu V j> 1LJI ■■■>11 ,jij < energy quantum UIUIU£ 

J£] 4 <lii>l>« CiluAUJ JSuJu jjJc. I ■ kit * IfcLjuAl |- QA OUJI < Lulj (J iult 

oLLJI jj (j • Huj *^*>11 <iil2 jux, ijAy cd 1 1 *>• 3 ^ »* J£ .-.J » ■ ■■ jjit-fc i olia l,| \ • 
<Jilla i.*l It 4*i V ^Uuiyi <*£ (jl . \) LjJju £4 LtJjla umuLXI UUI 4 JlA 1 f jj~ *>■" (jill 


L/JU* JJjij l . Aj | jjUU 1*4 jj l_l i !.-> it 


f ■ I. •>!! oljj tiL&L Ljuujc. 1 ^1 oLjjjlll jj-* oLfll *jji L*(j 

LLa ^ >*iC(j < di^Li c^lj .a >* i llA JUJtl ^4 inj yLi . jUUJI 
• u if . jic Llj pLjuill uU L>^j L^il ^jutUiVl 


: ^*sil 

ol£ IjL 4_S lla <Lu jljJlAVI 4 K > j V jT>| 4 ^Uii jl • > ‘* i . ,t “ •* <3 1 di}L ^UjJLil 

: £u-> I UjJC Ju£. (,>> 0(3 E Ljj 2 o (2 Ua die. Jail jl^u <jli D ^jJLuiall AJJjj 

E = n h T) (26-2) 

n = 0 , 1 , 2 , 3 , ... . |ui2)l quantum number ir *ill -u«lt. 



< <JjaJJI ^j-laull yiJ <j| «La*j jljjlu CjjIAj (^j]lj h Cull] I L* I 

(jl <.t^i t IjLr ^lillj <J jlalill > ijlnll LjJii gYu util ^U-tiVI uixla (j^jUaJj 

• jji h culill jIjLi (*i i5kj 

h = 6.26 x 10* 34 J s 

^1 iin»j 4il VI « ^La_JuVI 4 Sj£i 

uJLuLJI 4 JJjJ VjJk .Vi-4 lijjlfrl I jli < 5 j£ill 4 jjk 4xi«. j llnl (jl u ljj iU jl^x ^Uaj 

m = 0.1 K g cj, <1$3 £jA 1 = 1) 

. J^iiJI JjC 4_JJ Jir»_i ^jll ^LijjVI jjk H iii_i*fc mgH ttU*ll (jjSu 

< hi) , 2hD , 3 hi) (jj^j (jl »->.•> j Lfj| ^1 < iLtSw* <jUoJI 4,1a jliVx 4xjJ&j jLxcljj 


; oLcLljjV I (jj, J JjJuJ I 4 j£ till j < ol»4<ll 4X4 (ju Vj 


H 


i 


hi) 

mg 


6.6 x IQ' 34 x 1 
0.1 x 9.8 


= 6.7 x 10' 34 m 


H, = — = 13.4 x 10' 34 m 

mg 

^1 (j-» jJLbal oLlijU <— J Li.il I oLcliljVI Ca Ji* (jl — • vx-'vjj 

ji (jijlitli V o L»£ (je. 4jLt oLLJI ju ‘‘IW * 4 j^ij Jlj i^lcj . 1 4j^VL 

jl i.n-xJit (j| (j-» jjxlx (_jl £xxj L* (j^_^i (joljJ yi Xa^j-i V jj i ..aKlI » L^xU I 

l^iil*C_ia <aj(*4 jk tiUVx ()4ji <UUl ^Jx lx£ j|j I JJI . (jl^ jil (fLt <iUa jlij 

. CjjaJI #LjxiIljf£ll 


: <^>*>^1 *W3VI i>U»-r/n 

SjJlllaJ I J J ■ ■■ »~ u L» *_l (jl (j|*i Mi'nj ^Ufll-tul <‘1W 1 1 i.t ■ftSfcl I (jjj I jUl ml 

^l>*Vl jrUij (^J* v_jjLaj (^>aj (jLi ^jllj j3,>A Lfju£x£l yjll « (^3-^j^ll £»UuiVI 
Lfxx ■ ‘ l~* fjl ( jlc. Jail t,u\ (jl lajfc^La < (juJaJ Jjljxi &lj&j jj j i (jc ^j^ li m VJ I 



p j --^11 JL^Luj <ji Jlj juu UuiJI v_*jLaI 1I *w fjU. a&Ltti 

oUxh^JVI AJufl CiUo jj(j i p i n i ^l 1 fjA Ctl^JLH^] JT Ij^j O* ^ 

, JtiLJI » i jubAll jjjj tjLji jljjj 

< >.l »i*V | SjJlUo 44-uljji A jlx ^i>*fc tml I jlfjJ I ( t ^ j ^SuiL^t CMj jt 

i * I j+ll jj-* Ot jjdl 3 jL4JI JAIj P ^jjdl ^jJJI ( 'fJ& l r>i <*t j 

* G jLu jajI C <wia^ll 4^jVl ( j^4j o Uyv ^ll <1* JTjaj 



<jjLLJI ^ _‘t~» (jn^i«j . P ^djjl £^]|l (j-» <iL*-ijll Ci Li t w^iVI <LiUa £tujl1L) 

4>a^j . P ^^JiL irt'n v_4d^II i.iUtllj C ^^jVL ^1 1 rt~> ♦ 4 -JLuJI i_iLill ^ v Su «_i_i B 
UUI JajlI jiljj ijJL P <jjuxU oi^p^lV I yle. C ^Jc. i^JLu 

Iji afcjl j ^ - 4 I n £* I — »l*j oLujJilVI i-iLJLj {£*& • jLj-lJI 

Stopping potential V s ■ t i‘^.‘^*-““^* ) .‘**^\‘* *I7~^ ^. >,j,>l Ij] 

. eV } <La£JL ^JLuJI £yk <5l*ul JiC Xk\it* ( '| t yi^JV I <21L i.uuVjj 
1ill«j Lulj 4 <^L>iAtl ikiijull ^Jc. J auu V V s i. ilijVI „i^a> <jl “JL MJ 
OOa^uiLLVI > i| -* ^Lii I jtcJ £-« jjjlll jjj«~i jj t JaSL-ull »j< All \) JJjaII (j-lfi 

4.J i«iilL <il V — X*\ ^ jc *.ti » ££j_ 4 1 jjj_lll JjLj „t | •>!! ijjjJa S jLj 

vu 



^ oLuj 3£1I gji, J yi*. V \) 0 Jii oljjji 

Threshold frequency ^jJU 



(r-rujGi 


: Ujlaa— tf^t\ 

<j LL»J I ^yjk pi a*k £yt pj i At I (j I _)i‘ur Ij < .‘l^y.l 4 j a*LI 1 LtjJoall ^‘* ■ * *j| ^ *>■ “I 

>j iftl I J Jjj ^_ frJI \) tSaa^ hi) < jJk 4t a^l 1 <jjlgklU Li^j ^n^j-fcl I <JlL (j (j < '"»j * ■ ■■ 

. JLiUJI 


jl I i C*U|j ^ M I LfJS <JLt(Ja ^jJaJU <jl_i jli ^ja^uaj /iMfr-i ^,vU <rfil l -a ..Lie 

<aj^UI <jLL 1I ^ a 1 lijj . jjiAjj ^ -k U I III ) „t| %ll jjLL (j I AlliC. ^jWtmj 

. Photoelectric work function j 4^JI JiuiJI <1 Ijj * jUI ol j j 

Jjlij IfiLi t (jM tJU I £yk 1 1 I < ..".<1 jJ OJL^V 1 u&i XiUall Lj* (jJLjJL l* La I 

1 •, 

UJlP^lVI ji v ^u~k — ■ m v oLL J<if, uic; 


. ^tiaaajl J^a <3 k % StC. 

<Jlj ja.Vl hi) j jfr fr frill <S(ia lfji_>ia daj «LaiiLj <Jj(jta ^i tillj £■ > QJ 

: (jl (£l . i$_pi <iUa t^olj lil t A* I J*' 1 ** !! 

. ,* 1 2 (26-3) 

hu = 0 + — m v 


. 4^J^aj^£li (jjMiiiij! <JjU-a u^J 



4 j> lf>*~ jji jjjj ojo^IVI ^7 IjiV j(£j hi) c»ili l<ij 

( 26 - 3 ) jf*- 3 <sUa 


hi) 0 = 0 


(26 - 4 ) 


<i6 JJ y (jrttl I jl < JalLuJI »J < All Ug^iUi JJp 4j^j 1 u J*^yf 

: SjjaaII (26 - 3 SjULI ^ > U~>no i 


hi) = h u n + 4 - m v 


he he 1 2 

— = — + — m v 

X X n 2 


( 26 - 5 ) 

(26 - 6 ) 


‘O-rOJli. 

0.6 i-^JtiUjyi A^_a > : jL> giaxu ^ ^> 1 i >* >| SOOOcr? 1 ^^ ^44 a 

$ Ji-Uf <JL J+jl . L[yi 

: JaJI 

1 o 

eV3jjLu*— m v ( jj L ^yi^j^ULL^i^j(26 - 4) u-» 


he 


= 0 + eV 


(26 - 7 ) 


6.62 x lO' 34 x 3x 10 8 


5 x 10 


-7 


= 0 + O.6x 1.6 x 10 


-19 


\ 0 = 1.9 eV 


L 4 I 4 J£ <SLL l+J oL<H>* *>*^*JI c^l (jlafi. oLij Jjl u>Mj£ *>*Ui .uj 

»Jx<aJI jV l^ko 1 ^ * >itJI ^ i ij i nl I 4 ax!uVI Q*> mi i jujit jj(£ ' hi) 



3* <^j^> <iuiV I >ji jjl jl.iV I ^ dlljJ i <Luji-daLLi*^tII ota^jJLl 3 * L*JO& X4ju£>(j 
£gUuLtJ <ljLaI LL^j hi) / C* 1 1 ~>4 J£ <ll£ CjI >j (|“tlol» * jltjj < 

. h\) / C i*t u ti iJS> <S y>i lu^ (’m Sm > i oUJ) « S jUI 

^jiUi Cajufl ilclj-* < tjjJLI f jl mi ll JxLi ('n yjStil * 3>4ji Jj C. 

. jUML 

a ~j , hIq <j£L...II /**£!— u< i‘i«t ‘Klj £jk ^ jJoxaj h\J /i J %_a 1 I (jl jjA j-ii 

oLU 3-» (j|J,*~t.«l <J>Ua Jj^SlYI Lwuj < \) jjJj \) 3* * JJ jj (Jijj jjLHJ-ill 


(a) 


hp 


h/ 





m o C ‘ 

■ © 

U4a5J\ 





U-tDjSS q X , 

P m o V 

lllljuj £jj £ u 4jC jj-u (jl jl < ,*| tj jSJV I j*. i jlt «? ji niHl <j_>Jaj]l tlfrljJi llA 3 * ^~*U 

: iljljJI ^jLualll Jaj^j JjS <2lLll jl SjlJLI * Lu ( *iiili ^Jaju 

hi) + m 0 c 2 = h \) v + p m 0 c 2 (26 - 8) 

jjLi OJLH^V 1 cr* v , P = 1 /V 1 - v 2 /c 2 : ,tu-A 

3f 4fAll 3-* $■> jjull <iUo-ll Sljlmaj I 1^1 1 ^i^ ilill I ** • t- Ijj L*1 . ^ tl .^‘Jl 

jl (^i < 3iP^Vi j* 

y mv 2 = h ( v - v ' ) (26 - 9) 

j^>lll SkjA <lu^l (jjLu I * lii jjjli Juki 

f-“o( o — Y*\ )jSLfcLltC!j^ji • ^jL*aIJI jl*j 3jlh^V^ jf > "»■* £-+ 




: jjJc Ji/fki Cit | >~>I I |kLlll v_u^ Sj£.Ui 

, ., , h\) I 2 / hi)' \ 2 ^ hi) hi)' . ,~r 

( m » v )* = It) + (“) ■ 2 — • ~r cose (26 ~ 10) 

: fAw 

d' =d - Ad (26 - 11) 

3oilAl I <a»j jl I Qjk SjjjLuh <iV (Ad/1))* 'jk Jj^il jLbal^lj <JjLaII tilij 

: (jJt 


1 2 
7 n V = 


1 hD 


m 0 \ c 


1 - — — ] ( 1 - cos 0 ) 

\ u 


(26- 12) 


A hD“ / Ad i /„ 

Ad = — r- 1 1 (l - cos 0) 


me 


D 


: Jjl 0^(26” 9 ) ^loakluiL tjSHj 

(26-13) 


: Sjj^ll (jJt <JjUJLI * 1* 


c Ad 

d(d-Ad) 
c _c 
d - Ad d 

J>1» i/ * 


_h_ 

me 


(i- 


cos 


0 ) 


(26 - 14) 


c A D c c 

d(d-Ad) d' d 

. ^jl i All I M iiJ I <^3-* V^to L*jk X , X 

u oJLH^i f* f jL*a» jjl (jjJLijJZ qZjl2mi I Alj 


x (26 - 15) 



: £ua> A X jljLj . ~ . J - 

(26 - 16) 


A X = ( 1 - cos 0 ) 

me 

Jki < < jj • n*>n jiikl ii>ll ole. j^-JI ^IjaJLuiL <j| oLAj j^Ajj 

. jjaZ (26 - 16)<IjU1I 

:(t-n)jo. 

8 

<jjl^ -* ■ “ * ijS^X>i £-• W>* 10x1.6 OJlL ,'imM fjl ■ a'i i 

? ftjLalll Jju <jUo (J jk l* <45 

: J*N 

j-* ( 26 - 1 6 )<bUl! ^ I t V >> » L ^jLoall jaj ^iiall J^L ^ j a« * J I 

<lSUa ,'i U »*II JjJaJI JJjllI tiilj <Uu I IT1 J>a Vjj (j^yull 

10x1.5 — ^uLaIII Jju <3lL (jt Jau wLtoJUj hu" 


yljjt (gi <A£-V n 

( De Broglie Assumpsion ) 

(ji oU>4>i (jl <L4 >*^j4^1I < } <aI.HI (yjk ll»lj 

u^ji u * aj Lojx (*11 ^ J4j • ol cul5i l*£ < >— jj jJ* *s*a j uijiATi 

5jUI £A JaLuII jjc. < -<>. 1 ii,.jhL-Ji*^SJl oLa^jjhil <ul£ <A-ulm 

. jJjj JaIjUj j*Su£ Ujjcj 

jjUajLjjj \) X JL4» tfiltjk ji -«Lu-al3Ui4>^t £(j-»Vl 

: <JjUJLL C ^IjaVI *c>^i 

c = A. \) (26 - 17) 

P <ikjA E <SUa i m 3» JSJ jj^u ?J Ijiy^ 1L #Jaa 1I l.iiAl LaOICvJ 


P = me = — 
c 


(26-18) 


■m 



: tr * 

(26 - 19 ) 


ha i^ll olia Iru / c *’ ^_> tu-^ll oLUJ < aaISL 1 I m 

E = hi) 


< V y J m <*Ji^ Ljuiii j| |y i {£j ia^j < <LijLuJI oVjljJll 

: ^ GIjIaIIj JjljiaJU X 1 | 4 ,> V ) ” t ) Ujjjj 4 jL * Ia * 

(26 - 20 ) 

X = i 7 ( 26 - 21 ) 

^1 — . a . ■ ij. Vl ( jlc . »^-4 * Jj J ^ ^ <jl gJ-iljll ChU 

J>4 p <& ^Cx4 JjJ^a »j£ <£ja 1 3.1 •>( <rt.ll <Ajll Jjla <ji > 1^*1 cil ntftlb jl < ii < .£&]! 

. I+miLS ^iLuau jlfA. ji i n't LtCo V Jut t « ji mil 
; i^ja^ H <SUa <iU i V J 4 A. j U ^ U 8 i«t ^11* U jj jflj UjJJicI I j] Ul 


E 

P 

X = 


1 2 \r 

— m v = ev 

2 


mv = (2 e m V) i 


(26 - 22 ) 

: 03^5 

(26 - 23 ) 


ir* oju^M <^UaII <$. »» **>• dAoj^b 

>nv V2 m e V ( 26 ~ 24 ) 


: (jj> 3 w^b|U (jJ i H J <ta>M Jila <j i Su V = 100 Volt J+&JI <jl£ I jU 
^ _ 6.626 x 10' 34 

( 2x9.1 x 10* 31 x 1.6 x 10' 19 x 100 ) 2 
= 1.23 x 10’ 10 m 


: liiuJI *JU&U 1*^11 JljLVl yjlit JjLil I Mi 



>>jiw 

( Davison and Gertner Experiment ) 

I (j-Lc. jjIax. Jol J Ctl^JLH^V I Aj} (j-lc. Jju 

• ij4jl>^ (J'i Jbb ‘ c»t • _! < M -^ ll <a^3jjJll 

i — . — p - n) jsuji 5-^ 



**J*- uLx* 1 U^i) • juLia ^i^ililak 
. 0 ijllnl i wVI <|jljl <lijj£ ijlialuiVI iilw j^uLi • 0 i|jljll j4JLil Ijjlj OtfOJI 
Jlj ♦ j j < v ZsJV I ^ijJU ui oljtjSJV I <bLa, ,Uin«~i jfaJI jji jmu l j^u 

(C « -* (juiSjul vliJLaj ( Jab* 54) i/ — *-» > l5>* •***■ ^ < ^ 3^ 

: <1jUU (jA Ctlii w^lVI jlu uLua^j < 50 ijUaxiujI iylj Jjc Cil itj ii^blJ 

1 2 y 

— m v = e V 

2 

o Ujj ZxM I 

(26 - 25) 


p = m v = V 2 m e V 



<jj jil Qu <iLJll jjjj*-* J£Lull > > t L jLIcLj 

d ( hk / ) = 2.15 A 0 

JjJnlj • A, e jA Ifl >_t -fcLrtU <a*jll J>la oUjjJ^JiU <Ua^ll <uJJI jLlc.L(j 

: ^ Ull /nSLi 3 ju£^J it^inJI <JU u* <il vJ^IaIO (T ^ 

d ( lik* ) sin e = n X c ( 2 6 - 26) 

: jA iuiVl ^j^aJ £ I^>j »iLi Jjilaiu *Li\j|_)j£]y I Ca^jll Jjla <jl Aaj ^LwaJL^ 

X e = 2.15 sin 50° = 1.65 A 

uU* & J 


= 


6.6 x 10’ 34 


(2x9.1 x 10’ 31 x 1.6 x 10 19 x 54 ) 
■o-i I— • ijiUaj <? i j ill X e — 1.67 

• (S J l** £,L* u>*^ fkloiluiL 


1^4 -a/ n 

( Heisenberg Uncertainty Principle ) 

(jitjlii (£ul2ull jjJ ^tua (jlil I <JUdUdt liaJlc LtJoc 

ft£ll 'ji (^4« Ji£ till j jjl £jjjjjA Xa^J • <*)lj CijJ 1 aAIjI-w" L*j| j 

IjjLi L» (jt£* j.v^v t fjt ^(!l* LjjI I j(a . ^ j ^ n ^ <^ja> j u& 

< (jtSLL I iWAVt Slj| Jl <1* Jjj^j < ji>j H.-JL -j- All ^ jjaAj <_ilc. !-*—■* 

. ^ junJl (j&A JUJaJ iCL» 

^i< ^ * ml Jjl ■ « A X <lLiu4 I irttj (jljAJLI (1^ \* 1 £)JJ j“»*tl Ijjjl I j|_j 

LJ—+J > a j « 4> -y] I j -k < j« y t gv^juuj <ajAj ijj » X JjJa <1 bj-k-a 

(jJc J i.<ai4i Lljli <aJii (J^lj (JiyiLS <( V — Y*\ ) 



A* sin 0 = X 


: lj] 

(26 - 27) 


(a ) 



(v-tn) jSCL 


(b) 


Ljli 2 0 O fjJk P 4 ifti >11 jjx. ^1 >14 ^11 i j^J ) CljIK I j 

: tjjll UAt . sin 0 < sin 0 o oil* L lj] Jaii 


Ax 2 siiT07 (26 - 28) 

uAj . C£} A x <ULJLI tfjt ^Z1 ^j^UI JmjmJI 31jLJtl *jji (J Lii>'> 

. A x JUUil JiJj P iJaijJI jic jIjjL* Uaj] quS 

< Lj« J l jjJ I JjjoI <j ^ItLuJ i i nfti jl£* i lj \rfc~I 32 jjL 

ju.t nfc~> jIjJII i« ^11 ^1 Ziut-ill iiLL Jill ,'i%juh£ SjaLLI L2_^j Lj] 

^ ^*‘ (j^; ^ ^y iij P Q 3J&II 3£>aJI cm!£ ljli . <!&» 

: ji ^Lill ^iitc #LjI 

A P = P 0 sin 0 O (26 - 29) 

<KjAi <U^ { jk IjgUU ( H l-fcl ji ['l | Sj A X iij Uhjjj ^ll M>> £4>* Lf «iU j 

c/lw tf J fl * ^ * * «««ljj(26 - 29) « (26 - 28) • A P jIoIaj 

: ^jJfc JmVt P o = h /X 

Ax AP£h (26-30) 

jljjl U£ <j] ^jix. 4 JUOaall f*La »JcLS ( 26 - 30 ) 4UU1I L&4J 

^jc jljjl UK ( ijti ia A X ) f ^Ua Ju i~fclt I 

, h d&L cuL Ji aUi jjU j ( *jaK A P ) 


X 

sin 0, 



: 1 1 *\ 

JLaJI % _jJk L£ t 32jll Sjgj£ <la>jili ^jiirt ^1 jl^L* Aj»L*ki Cui <jl >Ui 

oaJI JS^... -J.1I <iU a^>] JL^IaVI i jii JUjJ w . yL.^JI l^ilSLJtl 

■ ‘“■I *»“ i L* <Jaii jlc fj^ukll i±uSt j| 3aa^il OjJauJI ^ ^1*11 

OjJaaJI J^L» (j» ‘ S * jj| t5«w Ujkjl Ijj 1 >'»i < <ittAiII hSJk jk Cuj^ll <j£jJll <*i u 

jjki jltl ol^)ill jjju i^uuj »j i A 1 1 ijt it jli »^kil ^ j • j < ti^ll 

4 J ivj m->llj <?,ikA l ^II ^UXuLlI (jjO Jajjiii . i<Xa\y I tlftil ^Jc •L^dUtll 

. ft iu>ll <t t >1 null 3_a^dt U m ^Jk Vjlyijli, 

6jd^J £^U_wJI »Lajl <-l.^4.«ll <? *■ I ■ -t I S l . —^tl jjjjk Jlklffcl <JUwJI 

X , ( X+ Ax) ^JljJI ^jJll ji JLklaVI HI J ojj^ Ji^la j)ii dij jJfj • 

( \|/ .Ax) jl j il l £\j * > * <jf >A X ^ ^jjutyaJI J1 * 1 *>>l jJk 
«_>iii ->Hj <aa^jll (^Gjuaktl ££j Uaulj LiOa^jl ji (jj&i iXo^ll tfjlimi X 
kii jk Jl »*»•>! Jiaj L» Uui ik i*i M kkil ixJull ^ <*i w«jil 

^ <Aj l Jlj dJU yauj k yuu # la \ ^ Y*\ CxXH ylj > l( itil^V 1 illlj 4j*£} iiaiiJl 
ol^ji^ill JLklaV I ^ |j-»l ^JLu ^^lll < *j_> 1 1 *H <1 IjL«j* ( jic. l^kxil^Jll uA 

. I »u£ f t m^ ll JLlal (jtSu < <Lu*i p t £j Lkjia . i « 3jUlaJl I olik mw Jl jl 

Jj L» oV jL * -4 a i ■ l* i ^il I i y il I ^ >tUuo Utj *i^bjLM t.totIL j !-•<»■ **^\j 

. ^auulL 

JjJii %*i ll oljjll ji jj Uk v ^JVI iJtjmll) <atUu ilk (£jj£ »A|4j 

Ol ^At, I j^j . LfJ£ Xjoll Ljjij JjL*j < tn^ t » jj^JI t>* ojSLjijjdl 

ol < t i t tdiiil^ . <j^imi)HJI oLjJalll 4ilu oils Sjjll fjk JJa4 jLu Ua^jj V 

fji ol^jjiiy I “Sja iLTuukA ( ^jlill wUI fji U>£i ^ jAti 

• Sjii Jft olj j 



K jiKj 4IJ ju-^ L ulSJ I jjl jl f I Jjitl 

(jjjl^l Ijl . Ijjj^ jiul UjJI tjKlI ^jk jLjjaJll UUo t 4 *a^ 1 I 

I f -»* jj-i JUl *>*ill ^Xc ^jl iLvi jjji CiUj) 7C1VI ^Ljlm 

. ‘Kjl I ^L.'.ljt Ci I tii <^)A > . i i^j j« liVC«‘i <ajJ < j j « ■ 

^^*£11 > j 1 ~ 1 1 ^1 j -y 1 ^l!L» *jLllu£ — f tu ? (_£>^Vl ^ L^ojIj 

-18 

> iml < lja> *J4a-bA <^11 *<1^3 Ijl* 10 (jlj V ji 1 <KjV»l I *jL.J I j)l£JL 

. }L»l£ Uo^|kLia|iVl tii Jl* 4 j^un^JI l£ulj£JU 


*Wo 





0 I 4343 AII JJx. Oa^jl . ^/ Ja(j | Q ftjU2 <iUcJI {ja (jaii o “ > mJ I (jA ( jaj^U J— aj — \ 
<La^« J>i* ) • 0 “jVl ^ iL i h o* £Jj-» ji* <jJt l)il5 J£ J a &fcMt 

$ ( ^l*«^j5000ol^H>ill 

, (X = 5000 A° < 1 ^ JjL ) « ^iVl L^ill -LSLLJf jLi. L* - T 
tf jll JjJo ^ i ^ . i l Lt . -1*13* UJLH^I 4.25 L» fu-ual 4^4 >*«aj4£II <11^11 — V 

? c*l<j>2ill ji<>i 

jj k" ijL {ja 4*a, i*i 1 1 o Uyj ayi u»L«j ^lll <^^1 <ilL ^jA L> — 1 

^^>11 <(>L *Jj-a Lf^ic JoJLui Ijj t ^j ln i ^^ SOOOjjajll Jjiall ole 

? ^j An-wl 3000 

4 

*? L|y ojjjSJ j 1 0x5 oUL > > i ii 4i.i *1 Am U tiljai uwal — 0 

o 

iJjJo jb Uk < j £a UjLmu 4ajTi 90 Cniin Jjla 4a^l — 

* ^Xpau -v i] 0. 1 fjLaill Jii 0343*11 ^ 3 -* 

ji liuJI jU <la^« JjJa l^)Lu •••~ £4yA .ti J *h*i ^ UaaJI I jj <j| Ctul — V 

ni «ij <x.j *J I o"^* (j* > Lai I o) (ji • ^->*-*JI ^jlwu i until <£3*41 

« 100% 

-31 15 

J 1 rt r. ^ l^a. 10x9.1 j*w> ,*i *m v* 10x2 » jjjj V'V* 1 ** ~* * ~ a 

03^2 I ji -43 $ iial j <a!v uLj‘»l I 4-3 IL Cul^ Ijl 4jjjjll Ixut 03^3 I jLt . 

^ (jO^yiUloi^ Ijl^JI 

T - 8 

J-i-e. J-a^jl . JLlj 10x1.2 j-* £mJI ^jJfc JoJiLui » n 3 - 4 uaJ ^11 Q*kt-iil — ^ 
JjJa j \ If . I ^jui 0.7 CmJI jLuil jJ»i oli Ijj £mJI JAiG ^111 0 I 43431 II 


*ivn 



$ ( ^ 3j ">Mi , v*ij5000»j J uaJl <LLm^UI 

8 

jj^Li-u £xH3Ji £-* f ♦ ■ rt ~ > J • -Mj-* UJLH^j 10 X 1 .6 <LlljlVI m ~>il L — N • 

? OH)ill ‘LjLfill <2UJI Ja^)j . 45 M «yJI Jljajii 
•Lc-j-iui oil £ I j] JjJn ( 'i ii u IjL* <LiC 0.001 “ — N \ 

, 8 

JsJj jjlSLi Iji l<KJ-i lij > 1 r I I jjj $ <t> / jj-4 10x3 

j jji juo^lll jjSu IjL^j ? <Li^ jl> j>*> 1 I ^j£ i*i «SLt IjUi luuJI 


AW 




( Atomic theory ) 

: SjUU 

Jli i Sjlll 4 jjJ jjJ| SjLiduVI f'Sx^y ft \AYV ^lc <^jljJI <£jaJI ‘ *1 ■ I tjj&j Lpjj 
(j Ij ‘ P 11 1 4 t l«l I £ Lull I t_(J i (jpaJljl ij «I ut4 iijA 1 1 C'*fc1 la^V 

dii dlij jjltj . SjljaJI <^jJ £djj lilt J I Jjy < (jajll jjlc. ta"n>~Wj LiljiMf <Stj^JI *1* 
< LuIjiV. Culj >jji < rt oluj^ gj< J jLJI jjl 3£tj^ll tii C)jml 


• *jL>^ •*! j*kj 

jjJIIIj i <jjj |<ll p 1 j • fill ^IjljLi (juljx Sjlll <Ljjl ^LUI ^jc.j)I * L*. ^!t 
<_i i <iLlu < ^ 4^1^11 j ti^ji 4 >Iti jj 4<j3ayi jit uujiii _>^i*ji m 1 jji ji& cu^i 
Xjjl .mil Ijljxl i,U4ijj ^jjLutlll <^jj{£JI 0 1 J aK 1 1 jjl Lk£ • f jM Sjlll p Ijjf^JI ?t4^i 
(jAlj^Lil jjJj ^bljli £/-i Ijiil 6 i1a c**ij . <iilaJLI j iolU II <j-ilill oL*lj-JI (j-» 

JjiakjJI 4 jlaf ^yililll 4jjl&| SjjJS i— ij i iijj t_ta>l i <V*t i pLjf£ll (j* S J it. • 

W I | **‘fc^ 1 ^jIaI j irtifi j-» <j O t i njj t fjjkj tji c] lluiji liLi . (jjj-f^JI 

4oljj^ll CiL«ljaJI JJji <jli SjUl (jjlll ojjJI J-t M jl£ Ijjj < I jLjj j-pj lajic. 
olAj>aJI jjx jjjii jjjLa^j-il jjx. N jjLS I jlj < W / M jj j£j (j^jll !•!■* u* * * ‘ » jll 
Sjlll <ji£JI S>-fc «*JI (j 6 < mi S x^j jl It iAji I jlj < (W / M ) N <4^u jll 
Cxj^i *iil <1 i i <>*jll tx* ^Ji>* ^ ** jlil jlfjJI Sd*i ( W /M)Ne t 


N e 


MIt 

W 


(27 - 1) 


d3j . jjx. lijiuj <ijL«JI <JjL* 1I e S t^ lull Sj^jCp^S jaxaJi 


. jl5ultl Cujll S jLS <Lj»Ii dill Jaj Sjjj^ <JJj e Cui OddaJ 

<jj j jl& IjulLdi }Uj t j^^llaJI jaaJ jtllluVI la l iu‘JI dilj Jju i >im t^ l 



O l‘t> i «i Jjltl oljj ji ^Jc (jj^uLaJI (jjlll ^IIm liLi iJjj ^4j < iuUI 

LjLuj^IIj ^Ljgill ijtiLil ^ oll^uJI *j a (j»jj jililllj ygjl Vill j(j < <jJLu<j 

(^olj-lil (jLi tilijl ( SjIII Jl£Ju1 !ji L*Slj Xa^JJ ot<XH^JVI jjV . jljgJi 

jjg ^ ‘ ." ‘t"l i A i*il a nl jmij I ja) I ^ La I j 1^1 L m s *i^b|J 4 ji.ttiti ta> 

(jicl jjl jjJ] I j j *fc <t IjjJ SjjJI jji OlLJ lj H > I Cili t »m 1I ujiijj Jla . Ciljjil 

■ Sjjtl kiluu^l jc J ul iJ i 


: (Rutherford nuclear atom ) iljUt Cijj SjJ— Y j TV 

(jl 4xi i HauiL (a<^u OJ^VI y jjl jju 

JXftiljJI Z Oia +Ze ijjJI <aa^JLI Viii itJI L^glc. SjULI 3 > n*»l t>‘i » <ll5£ SjjJI 

£-* VjLiu vLiXaj ( ^li I «LJLmJI qTi"* >*11 y4j — ZiC CjU l ygSJV 1 LfUlx . ^jjll 

ijifcl J (jl jil jjj JLaIjS oUi v^iy I (jl {imuji jgilj > Sjdll ixa^jll oUa^JLil 

l+jljSf ^alj* J^a CjU tj jSUV I v jjjH Xjjll jlgj L*Xcj . La^ll ollxigil £y* 

jjfla j_n nil ^ tr»1 ■ at <i) jl t lalai ^jjll I Xk fJ <jSHj . t£j«yii 

. jl^l * jjfc > iiU (ji LU» > j.i-h « £il>« l+l ti i>Ull UL^jJoa 
< jtull ^xuLJI LlLu* jjjijjj dUj xu * Ia fJi 

p \ U3bS ^ L*Ul Sj£j-* SjjJI *iL£ <jb Sjiii 

D, , s ♦. . i« 



^ \ 


jJUAA 


J jL^jjj 1 4 ~il t-k tu LoajI (jjg&g 

(^ili Ji I | *jl Irtl illf Lill Ci I tjlM^ Cl > itl* JUjil 
( ^ ~ ^ )j£i*‘tbcjull^ jl | •% > «_Jk jll j« 

*L»jA <i* £^AJ . S till Cll •_>< lintl J £jJk 

Q *iimii • F . l; tA jjl ji <UbJj ^JwaJ oLuwaJI ji 
i_iLw£ j l 4 ,- > £>**&} ‘ oUlLaJiVI -k F <xji v >ll Jaj C.L»_i...-vI I 


-;h 

(\ J^u* 



fJu (jf oau * I (jl . LAJJc iiilj5^j <MMitl pi aj m>,ll CiLaImI JUJm D 

, » Ij^JI £4 IfA jl I Alt Ull CjIaUm^ •»‘*.*“ V £_ L>*^ ij* 

Uljj^jl ^iUu ^1 jjj t_ji jtl oljj JV **• o jjk oLujuiaII ^ U* • (j| Jjjijjj 
(j-4 jj£ I ijll 1 1 in Ai Jam 4jaa£ Lljji wi _)ajj Cil >_> im-^II ja(j Lilj JUa^yj <j!SL(j Ijaa£ 
. ( Y — TV }(j&MJl(ji L£ < 4 aL^V I A Latjl (jM^e. (jii Jjjj ^Jmr^ll (jl (^190 



£a Ojl «rt*> Jj y 4> m ■> U j j fill <-i Ij^itfl liA titJM, (jl (j^iV Jl j| . (jjLH^lVI 

~ ^jwiall Ifljlaj I ■ ‘ A ll I — liA jjl 1 All I til A 1 nil jll llAjlj < A^jll oLm jStll 

Jiaj JJ jjll 1 t_*lj^jVI Ijjk tli it n>~ 4 , Ajlli a CiLjluu tl^jJLat (jAljUii ^ 4 i »j V 

^j| l j u, „ > > ^jjll <-A^>Ai dJ j (^kj . JaI £11 jIjIjVI u (^1] 

: <jjVI (j^^j^ill 

Ct>l..." (^aJl (|4j 4 4jJI <l2k j£jJJ Sl^i <l^lj4 ^Iji (jc ijLc Ajjll (jl - N 

. IfJ ftjJaAol L* jlc. Ull ^iiirt jljljl !ji 

. l4jl v >i cr i j^yijjll ^<^>11 <Iaa 11I J£ - T 
JxL Lfji JJLuuV (^1^ < I 4 I 3 & oIjLua J iljilL oUjdjSJV I iouau — V 


<»|4 l\j JM 4 ttJ I I U 4 IjJ I i.iaII til 


A.tui I Hail Li jljlJI ^Ji t*n 1 (j^A_t l 



. .^(jSiij^oUuaayi 


i-ijfa-r/TV 

( Hydrogen Spectrum ) 

I *j j * * tjL* (jl Xa^j < j, i^ Li JI oljjl wl^ulVl fail jL»1 ^ . > m IjJ Xc 

j i^Litll 1> (Mil Xa$J I |jj£l Cil j uLLII j^jlru^i jj a 3-Cj * a.^ 


4 < Irtjil in« <oiuia Ijdajlu (ill jj — <jjj J^lj 1 *1< ) 2^1I ^ifc (C < V * * jJ — ( I 

<x^j i (J£U ,jXju < ( tiifJI jja ^ > ^-Lfc L_ijJa ^il UkJJU Oju 


( iiM~> < tl ^ Jjl jIL jjL^ 4 <? Ui < x>A Lij <.L i^j ^llaill 

oLcj-^aJll * jjk laj { jk J^jlnAll CiULitl(j JuLlI J^jJoJJ \ <^)ll Jjia £{U <jfcLc 

1 1 ^jlllj Balmer series jlL «? t i4i ku l^j 1 * jx cij«di hilljjj < 3 ji jUll 

:<JjUIL 




(27 - 2) 


ji* / 10x1.0974 CJf^ib *=*e^ R-h 


n = 3,4,5 


Jill xA’Ut T Zb* u^l 


m i . a 4 lii n 


i t 


U£ I ^ i Ai l ^yk J^jJaAJ I 4->y£\S • jlli <C^a » yi ^Alla Jaa. ^ic J irtv’l *_i» £yk 


^jJj n J iV i L*xja * ** *| 3647 4^>* J^L ja& 4«LJ 1 3jt^j ^J| < n c«x> c<j^ 

Jju i Ajj Xa^j . (jyajj iJlJb JIL ? ihIih*i i(Y — TV)j££Jt£A«ijjj . Olfi V L* 


■ Ij Arfcl I (Stffcl i ilftl > ji (3 auL ^LaA £lj Jjj ^JSkl 1*1^1 I III I n't t 


4102 


Iiii'ltll (jji jji (jlaJ 


6564 


4862 4341 3647 

^ - ... A- 



1 




H \ m 2 


JLfciLj <i&lc o^Lulualll *i-i £}*y u&**l Mj 

1 1 

"' (27-3) 

■ n <> m < ^ — j— '-*■ m , n ><■■*• 

• yU JjJ » H i rt ^ic 0^1 iii lmll l til JlkiS jl UjLuJll JjUi ju jio(j 

L|JU^j <Ilio < jj3 "u t4« jjU li^ ^ Uaj <jj JcJI jjfi-A jju j^lll j>1 JJU Ltti 

Jc (27 - 3 ) <laLdl Ll^u^i E = h\), C = v A IjU . SjjJI ^ 

: 5 JlV uJI 


E =h 0 ) = — = R„hc (-V--V 

n — >m a " I „2 2 

A, \ m n 


(27 - 4) 

n cilLJI in > Jfii*! Laic. < S^ill 1 1 <3 til I cilia ^i E 

jl <llLii n I LUa j| Jju lui jJ^)J jalaluil lilli ^Jfj . IT1 ^J iJil ^Jj 

(27 - 5) 


E n “ - R H 

n 


Bohr theory : j YV 

< Lf»l5k>aJ» jt Lfil^jSJI v-ujjj j>c oliLu LI c^m II ijill ajjjjjj fJ 

Ci Ut ^ V I Cul^ lili > Sl^ill jl <La^llj LI Lull ol'i*> <<J I jjL > jjJI 4 i mU Ctil^) 
j^ajs ctil£ lijj »lji)L c<l<jLH^yi ^ I (ja£ uli L-o(j£JI (jli LSLu 


ijjLLJI ijJillj ijJUl < iljiil J>a» Lj^ljcSiijjk 


Ze 2 


r 


2 


rnv 2 

r 


: { jlc J ic^i Qt£ll fcLil&ll liiji • <Lj£jll 

(27 - 6) 


. jLUl jUuUi i ^jiloll 6jL*fc* ijjjSiiyi v 

j--* 4>^ a 1 1 - - *• -j m SJVI LS wa> ^*iL i . n i ijhL uu >4 &J)Lj U' .I I U m L 



^j|l • 4jC.j_u< jlljl (jailnli |LiB £yk 3 illaU JiV tlllj 

cllj ji . 5ljjJI ji J^jJLuJJ k-illoll jil <J {ar flij jl— *-» htVu-fc 

jAj* <a^xaL» I JO <JLaJi * jjft <u£xu*y2kll l£aj(£JJ fjk liaak jjl dll* 

: fJ Ay ikuiL i-ijiu <jam 4 £+*Ji 

jj] w '« -• t quantized SL>S>« 3 ^«> jJI SjjJI ^ i i " A ^j tr oljl i«^> — N 

oijLJLL • i u*t oijLuu liaij ji v| liijifciij ji A >r ^iy i 

a ur.&a^ 3siL ( - nt ^ivi^AW f , stationary orbits <043X1 

. 3 i^j«iQK 1 I <L a )lalll pi alia 1 W~-; < tfji 

t-ivi«XI tjlmi (ji j*> t I ^ p. jit 3 ^ji 1 nbl^J I KttKtll i‘jU I >J j uL - T 

• jil ^11 jLaa <ja ijjjSUVI ji L laJac jj ila n V « Jail 

j» ^ Atj < Jil ^"tilU >1 jlx* ^J] i_ooXI *jl j* j* Aik j^iyi jUL L»jjc — V 
jjjijXI oLL ^ 1 1 11 * J>ill <■*> i l L j'liiu <jJc <2LLJI 

: jf tfl • E 2 & E i 


E, - E~ = h x> 


( 21 - 1 ) 


ijj kjLla fjk C)jl mini* ji <11 mi^I ^jU (jJI IjliluJ jill I jjfc jAy £*AJ 
<00-* <IL»i ji jjjjSJVI Jl£il jc LutuJ <jJuiail J43JL&II ji *jUtx.fj t 

• ^cr 1 ! 

ji)' * l>*i 1 Jj^ Cfra^o Jj fJI ijJ <Ix 3 >^| C»ljl m .t ji jAy ” i 

jl (ft * h / 2 ?C XjJuaUI *1 j a^ll ja ^3 i^,.n» jjx Lulj ^ LijjljJI <£j_»JI 
L = nh/ 27 t n = 1 , 2 , 3 

jAy jiii u dljjti 1 «diiU ^1 fjit I ja ^ jjo* -tiXiail jo 

• IXiJa Lula3 1 1 1 1^ LiL. ilii aJmuiI <il •*“*■ < < ‘^‘. 

• • «• • • * k * m - ^ ^ • • 






V UUait - ® j Y V 

tr* ct^JLP^^s*^ 1 cr 1 

0- 

J>a j!. »«ti • 

• 1 jl mi l jki * l«ll (jl < V 4CjMii 

. ( i - YV)Jl£ 
(27 - 8) 


2 nh 
mvr = mrco = — 

2k 


c&L cti(2 h < 3*2* 1 jjc n 

(|>e <aatJI 5 JjLUl ^jJUl £-* < M « v*l| t ^i i 1 <*ju (jj gj 

• OjSljll <Sk__>aJI 

(27 - 9) 


*> 2 

mv“ 2 e 

= mrco = 


4;t £or 2 

. ojjjSJVI jLha jL 2 i i . rfii ^k JmuJ ( 27 - 9) 4 ( 27 - 8 ) cjjiljkll j>* 

4tc Eon 2 h 2 


r n = 


*jl t 


me 2 


(27 - 10) 


-34 


^ji(5 . Jj — ? » 10x1 .06 tfjl ««u h - h / 2 tc «iu 


. f£JI (ji Sjj^aII »jui ( ^k Ijjj^ j» h - bar " 
t/lkljl jLmJII jJaS t ^Jfe J <o fc‘ i ( 27 - 10) iAl^UXt U* n = 1^— «t> Jk-kj 

: <j] OaJ <JjUll ^ Ojljill foii c^jjaIIL £ua> r Q ^AjJ jki a3L>^(M 

r 0 = 0.5293 A 

: 4iui(y* <ilkj 43 £j» <ilk Ja^i jUJll ji t‘t t 4.KH ttlkll jkjVj 

: tjA ( 27 - 9)^UXlf hki~L SjJI <2 Ik 



K E = y mv 


(27-11) 


2 _ e‘ 


8 it Eq r 


V = 


4k Eq r 


! -cV ji £^-^>11 <iLL 

(27 - 12) 


: lar * r jLS > >irt‘» jLm* jjl jjjj2£bU <LJSJI 3iUaJI (jjSu clJj 


E = 


e" 


8 7c£ 0 r 4 7C£ 0 r Stc^t 

: E n <SLia tjjii (27 - 10)4J^UXt<>»c>%J*^li5 


(27 - 13) 


E = - 


me 


seih'n* < 27 - 14 > 

JjV E j ULUII Lui ^^ic. J i o -fc *t < culj^tl f-uu n — 1 

• ££>»£) JU^ft Sjj (J i ^ » !■*• Jj] ^1 

E, = -2.18 x 10' 18 J 
= - 13.6 ev 

: ^jJk (fjaS I CtL ^lml I <ilL» JJj c/ lcj 


c 136 

E n = — ev 

n n 2 


(27 - 15) 


: A&tjll SjJ ji Sj 3 (-Lla — 1 % / Y V 

£■* jtuu» ^1 ^yi^loll »jL*« ij* Jiljj £>1 c£*i jAj? 

tjLuil /it) T^liy I jLc. Ijlj . ijl \ » l^jl : Jujic. tjjil JULjj < 3-llUI (jidL* jaLajuI 

<ljLa_* J .* '***" **" D tJJjS ^iM|i ^ 4— lUaJI 1 j SjjJI ^I.I-mVI 

: CrOtitLl 

h\) = E ] -E 2 (27-16) 

Laa juAt ^jJII <A «jj 2SJVI <i(Ull E^ , E 2 iLi j-> jjj 

ijjJI «iiAjjJll » i uJ 1 jjj3 { jl*- J 1^11 1 ( 27 - 4-) 3-1^1*11 ^l.iV>mlju . m 

W 



1 ) = 


e,-e 2 


(27 - 17) 


me 4 / 1 1_\ 

8eJ h 3 l™ 2 n2 / 

: aH>iil oa*JI ju . Aj j 

J_ = jo = me 4 jj M ( 27 “ 18 ) 

> c 8 ej h 3 c Vm 2 " n 2 / 

cdLJ^ltl J~u ^1(27 - 3 ) hJjL-JLI ^ Ulu UjUII »a* <*!_£!« 

Rfl ^**ib 3 »t >1 1 3ljl&AJ Will jj* ‘*‘““1 1 < <La<Ja!I 

< jLjjLul* l*+j*l Jaj -(27 “ 1 8) di-lltil J-»lj»-Jl <jOJaII Cajlll (27 - 3 ) 

-g. e — = R H (27 - 19) 

8 egh 3 c 

= 1.09737 x 10 7 m 1 


(27 - 18) “AliUtJ n ; mJU^I ala*Vl jjJu alt 


5 jail £yk oLitil tiiUjll <lj ^ j^*jj . c*yl tultall I ^ 


. ( o — YV ) < JSL^*tla QUd* L»£ 4 Sjall ^jjH^IVI 321L1I ciljjltw jLlcL 4 ZjIjJU 

: ijA it(ji jL*ll *UU» jl (27 - 15) 4JaL»tl l>* ^a^ 

E„ = --iH (27 - 20) 

n 

LkLkl U>altj ji 4^11 ^^L^ifa>«Lj lfj4 ^iyi m_UI n = 00 alt 

. tjjla 31L>, y> i ^al 1 J jij * <*i t 1 * Stull ^v» injS^lVI 

—13.6 La >a-i <al«ja^lj UU, * n — 1 l>* laj L»l 

a^t jIj UaiLi £x&£ (*i i a a? I jjl dij *a utLJL llA oliUJI ^i«A jl 4 Ja(j4 

— 3.4 Ujai UOb u^- n = 2 1 tjij (j^jjtlll alcj . Sfjlll 



^1 UtLSJtl oUUJi ( o - YV ) J'jUJI C& >^Aj • -M>* 

. ^aL^JLI <Lj ^ c*l jIjXI LmI JU<i 1 LauiS jl ijjll 



OV— o — — ^ 

(o -tv) jO. 


m (5^ 1 III > Jl UU* ^ VM fl?l jJuL I, All ft 

. litAiil I 3i»«A*>tl 321UII jlJu ( 6 — YV JlHiYI 

: 0— YV) JUL» 

5 j j <^i t u ir>i>u<»\jqujYI l^^j^iSJ] £>* LojiiiJ ojii ^j*Li (jjUl j^j ^jJ^i 

■ <i » JLa^jl , JjLjI ( Z = 2 ) ^jjll L>.),,lf. -I*** - “I * 

: J-jJt 

^JJI^VoiZ = 2^, iljillyit +Ze IW >t.ll f.fcd^iSjjJUU.^ 

Cj I jj l i n • <]jlm* l jlc. J i A-fc*i <La*LjII *aJlxU (juij £ LjL(J ijj 3 JIa ( jj +c 


'\AA 



E„ = - 


E = - 

n 


mZ 2 e 4 
8 Zq h 2 n 2 

54.4 

n 2 


( 27 - 21 ) 

-.1 -Hjj 


(27 - 22 ) 

JjV ^ &>• •' ■«mII <—i »Ua yle. -*\ n = 1,2,3, 

.lilAjE 3 = -6.04 eV ,iJlilljE 2 = - 13.6 eV <iUu E, = - 54 .4 eV 

: ( Electron spin ) ojjssiyi ui-v/yv 

U* ul o*Ji jAh jiH-k Ujo*-* 

<<*>11 i . 1 ,tA*t y* 1.1^ (^CujjJi y* (Jjl> ~>1) ■ 

. ^jjL-uaul 6 l •! *ij » ,j ill* 

* j-A £ Ijjjl SjJkUa Oj < «i • J— ij 

' lw *"^ y* * JbJ-a. 4 _t irtLkj 

yi ui jjJU ^jJI (juii yi 4 m i ' i J[^a. jjJU 

J1 « 4yh I_xl) I IjlfJ 4 •> J "l \ j . 

JIJW J&J - oL>dl 

■ uJD-^kJJ JUjIJLl ( jc.^ r u , U)l 

y* jjli U^j . <LSUJI tfj l «■** kiilj 

Lhfil Li Ufj J^ij <iUaU J£ Ji*ij y \ (j&all 

<JLa (J H fejjJ* till jJ ( *\ — XV )jT uiUyi L*£ ^jloll J(-j, «I1 <LiIim‘JL » itVa • 

^jll 4 j i ^.LH i^ajl dllj jc Luujj i Lf* l> M t I uLil 4 % _t Vi <- m*> ^l| oil* 

. oViaJt asa (jju^iyi ji£ji jt 



*\A\ 



i JUII I Ik 4 j-*j \W\ fix L1 *j c £V 

(jgu^ L£ 4.»4 J 1 oljj 4J-* jL3 jl,>*L ‘iUAj 

, ^^Ajlh^VI aui OaJLL^Ull ^alaua« ^JailloLulli ^ .( V - TV )J£ANj 
*L aJjl <jl£ I jLl . L+ilj^jl ijJLt 1 f.ilf. jJ(JJ jll ^ I n Vi I I ^AbjL^II JLaJU 
jjill < ? i Utl I oLjiljj »UjI ij&£- u* uij *fcii L^jLi < ^^icl ^jlj <^>UaII 
j_k^uAjj JLaJ.1 oljj *iUj (j^-J • Lf-iLaJil 

Jj4 LfcjliJI djjll £La»jll t>» ^>1 ^ j J j •> ‘ Mi ^Sj ‘L^lh?* 

• JM' 


E — 


\z////// // u ////// / 1 

|77/y n nn nTilnj 


'f l-iul 


U ~*' 



Jt ' — 

-<i 


(J-^>4^|| ujjuUl y* <ArflVl 3,4- t u U (jujJu <jL^ 


(T (VumiI ^Jl Otij Lm i u*j4r * II £J>iull *0^1 L*jO<a« SjLftj <jlJu 1 £j(jLojl uL£u£l 

*ili2 <ic |jl*ij i_>Lrt vJxa £-* ^jjLSJI <jluu| ( 1 1> jjj£u u^ll *Ljuja«JI ». > I . 

. X - rays <ym«JI <juiVl IaIimI < ^ill <l^d.l o_JuVl 

^■UaJ ^JjLSkil i«| » f <LuXuJI Iaj 2^U jjJLhAj jilAI ^Jc 

ij* * j-^* *Jl^4A i flc 4>jI£]I hflji Jlj J^aJ-^^jVl <4jLaJ.I cul^j . <L2i ji vJj I II 



ol^lVI (JtLajV -ij-fJI itt -k 4 jji oj^KII <jLdJuVl ^ 4\-% Ti < *j£ 

6 Jjk y i o Utj j^iVI jlil tjw >t«mj ^ A tV jjf » (jut Lt^ « ^iliuJI 4xi.tiV I 
gfic <auljJI * J“ ‘ H O-*!uV) Jjls jjJloJljj < £jjilll jliJI ,Ui iJ* { jic <ILkJI 

. 4oj-uL2JI CjVIaaLuAU <aJL^ jac 1 1 1* ~ j Laa i 1 1 !»■ • ““ 



tillXjj jli ^1 Jja LaLaa <4^jaVl <JLaJI 6X* j jAj • jL»J <Jr» <u l^j Jjii 


. £-» U3l.il 

1|1> i^j Laa j Lilli l jic. L^jjJ^j UjjjIj 1 11 I I OuliVl ( jaI < ^sL ^Jl| 

. jjL-uiVI tt u* Ctillj »t lAf I u*ULx jjj irt’i^ < 4j_il< < _il In CiLaIjJLJLuiV ^aJLua 

ia/LaIj L4JI ah l*«l jIj£j (jl Vj 4 OlImSU H _> 10LUI AX4J 4 Ai^ll SjjUUI 4 >a 


, |i iunJI <a^J I l^UJJ jaXa jjjIj <1 (jj lu 4 l(J ^ m%ll 

jn» t jjk y J if < O i a Ia! I LkJ I i^Jjk LumI 4 nuul I CliaV I ja I ja. 

4jlJ&U <aIajJ I oliiilrwll jji SjjJxLa lilljj Vii n\y 4 tiLjl I Xjuu>jj& J!la I 

. aJjaJJ ££*il UljlfiaV <uaaJI 


a^LUL i . < l*i ■% j Lull l_|_e.l^j| lilli ^l.Ht^Vl iji <j!uJI IjuaVI h w » 6 j *ajj 



• 3 t 4 4 ilj> (jjC 1 1 * 1 1 t'A*! ijjl I ojCtl <LakjX H *Iim VI tiu ^mL|J siUjJj < 

“■* t^l*»tlj 1 oVUJLI ^ U |jj 4J lIj fc t*» V ^jijiJI IaJuVI (jl Xa^j 

|4>JHI Jr>lV>A ^I auI OjJUbC.1 sill j JtAjj . •*• » pi >J iii> .U ll tui UL.-^j Lm 

jV ij>i x»o j 2 i ijjL Lajjj-* j*a ( yb£j jl oift^ 

{J* ' 0 -***^ ift IjJii oij *fc C^f CiljjJ fJiiiLI s-auj^II 0*1 

i>» Vx JL2i oj&j o^ «iU jl < jjj^JLI J^LiL o* Vx sijlj.il I SjljJjJ ( 

jljll oljjL jJc Vkwll luiVl 4 jMs CmU j| b*t (^jJI UlJI ^jLu i.Tij asm Jufj . 

" Laue patterns " jV ^jUu ULUI 

: liiiVI Ol*ki_A/rv 

<jLjJa £ Ijj ^o)j * Ia i ^ jijniH 3 t miV I ^ jjli jLiiV jV wjL^j jaj 

JL^ll (jl » i * <../>_> - t « * l I < -* *lVl 4j j j «<» * j 

.Ijjjm LLLXunI S ^i JLJI oljJ ^1 <LuaJI ^j>. j>SU jjjaII ^ma 1 aQm^S}i 

JLuijj ^Ifi IjjLl j J * i <lajLuJI *Ci> i uV ( JJjI (jai'i <1 it Vn'fc Ijjll 

. <y»mll IxiiSU <^>11 JjJa o**AJ I 4 I <Jj£ ota^>* 
<j^aaII ? llmll 4 Ljjjlt Ijjj o(jj~n 11 a *lfj m ja <4j£L* SjjL Lj tlrl IjU 

X 1 | A »0 • Jji* <?J*tJ >14 <*_J*j (jjxtcl fU <( ^— TV j J&uJl (ji L£ 4 d ijJk lfl» (j^l J£ 

Ctl^jlsJll |^k Vm.JI <UmVI CiIa^ja ji^IU 4 0 LljaU lyljj S ulill JaAtal 

J>1» (jjji 1 Ail* 1*1 «3lJ 4 AJifhii A oLaLajI !jk t,| >JJ * Uj Jjfcl X litjAJjJ 4 <±jl Kiltl <JjjJI 

,X 4a^)1I J)LI iq JJftjA oljill o« j^Giili jk jLu 

PQ + QR — n X. : ojSl» Lxc 3jj 2S o&j( ^ — Y V ) jc.* t i jiultu 
Aiiali Mt /»« fy siLl j jjJft » n = 1, 2, 3, ^aJDI i&Ia jx^ n it^ 


2 d sin 0 = n X, 


: j* o-^VI ulc 

(27 - 23 ) 



jj 4 oljjLII ^ j- a-a. Bragg's law £ Ijj j^iUL II* ^ u^j 



(N.-YV) JLi 

o^jlu 4»L..ill <xu&U UUm ^ j2J . <LjajKj LaaIjIII i<i ^ ^Iji Jiai 
I i j i Lfibuii J^uijj « S Cukul I Oui&U j ♦ ■ -•*■ * \ • — YV *.t | ) -*r» » » — I — 

jjJc 3 It* » C » iJ -> jjlx. Li mt ^5 < L, , \^2 (jjLjLsk u& Qujji id* qCLaJIi J^Li. 


^J j t oJI <Ljjlj ^loJ jlxj L£ < ^uilj 1 1 j A loiljjJ i,l iA'u 

*L*jl t ^»Ui<(j^l > i i'll I tLaul ££j G ^ - ■•* . 


LiljjJ di )>j L£ « m-< t |_| ■ ■ < *****‘ jjb ^l.i <all 

. IxJkllljSj^LlI jy±j* 


t jjLJ I jLu Jj^la jjjLull L^£ (J^- ■♦* jlJI LuimJI LluiVI tJiiM 

0.1 .a^jG *l^jl jJ I £_» jjLlJI jLJ jit . 0_aiV I SJmJL LjJ^L i_uulilj I 

*>i LJI j j j « ~i jjfj . £ I^j jjili I j ■ 4 i ij >, 4 LI jj .tic Llu&U <^i ol mK«'il 



£* L*jIj wamiLjj d i nt I ju <L«4jAflJI <iLaJ.I (j| « <4j->~tll ijltlj 

^l^ul 1 A>t>fe jjSu « 6 

(27 - 24) 

sin 0 


d a 



SjtiSU uL)Utj >Uu!l 0)UI -\>/ YV 

Hjlj I nil 4li itlV I jjA <L«j^ I ill'll I j| 

YV )(J Y im U j <^jj| ^yk SjJLuaII 

jj iTi U.AVl S « A in jl iLvi - ( A - 
( N N - YV ) JS^JbCju- LS <*>11 J jL 
Jfll . *L«-<t»Vl > , i J»l 1 1 j | Ul.t 
i’-i _■ continuous 
< white radiation LLuil 

JjJo j j * ~~ ■*•■_■ •*- > .jjlnlJ ^ j <1 ^11 (jjixjj 
JqjJoih <_uLa)Ij . Lb*4j«£ Ij j «"l <*jJ«l 
jjc AXkuil jt.n.l i*i hi < jltln 

I IJifchA ol*>« JljJal 

wiijJu V j ,».">■* all » itUII (jt J-*j i oLiaJI I JJk (jA <a£>*» <xuljJ Joe 

tfl . 4>iVlj 4 jjL£JI £>o ^ . A |. ff fcl I Jjj» ^Jc uif>Ii LiJj « ^jiVl CxJ&i (S jJI <-*^1 SjL* 

, li l^jtl jJoxaI JOC. cill^j o U t y i^JV I <£,jau f jlc. <j| 

^ Ua » Jj Ti < ^jVl S jLa lx die J ^ ill axH^jyi o 1 •*?•'' ^SJI I »_■ *l~\j 

• { ^n i jUni a^ ^Uuil <lillo 

iUaJ I ijjk l JS < eV S^xiilxx <aj( <^1 /*it m ^IV I <JUq ^1 (jA_^i I jLi 

> (jjj 3lXxl (JA (j><_>* ,jJ| C4_>a-j 



eV = h \) = 


he 


(27 - 25) 


X min 

1 *.l‘ur < < iijiull <JLa&VI L^all ^*m ^Ijjiaj Ca^a JjJa ji^ij { ^A X min £jaa» 
jl A Jjd» < I uuUll Cil+lll cLil jjli . V 1| iiU* Cj\j of^JI ,3ji 

. ^Vl { jLc. ^iljll ,v| ^11 { jic. Jail x*iaj ( N N — YV ) JSL£Jl ^ B 

4 ^i^ll ubUI Lfi uiL ^ill <j1j^1I > iV>j OLi jjJaiJI * Ct i uilL Lai 

• lJJ|JI Sjjll ( ji LillJI iiUoJI aljjlnu <*»u C m « y 2^Jj oljii Jjjjio (jt 
<\ ■> ,{,11 Ctirl I a.J*tf Cil ( \ — YV JliLa ) ^xl^JI Sjj <JLai ii-ilj JjLI 

HfcA~t*t ,M lilt. 5 yta£ 5 jL\ oUtLuall qu <illalf l m> I Z = 25(3111 

Lajlc JClLI Jiiau jjJxi « iji l^ Z < a_t 1 lf_ti (jj£j 5jj <1L^ j.tl-o'i Lajlc. < jjjJJI * , 1 * 
5jjJ ^jJk LaC A 3-6 i_tVl Ajiiif 3 ^Sk I tjjJ I ( jj ‘ * - **l I oULUl jj ■ ■»“ 1 Z — 100 
n = 1 tjinill jjJI n = 2 >3 iti>ll 34 J^a jai Lu^j 

J>IaJI (£JLji 43 ! ‘ Ji * , i * <1 £> * t il l OLH3-I1I La^j-a JjJa (jl Xaj Jj-ij j.iAif 

, <ajJ&U 

Cl (Jail ■-■Ijj* ■ ■■» Oljiu Ijlt. JcLuii CujmJI Clu&U ^JaaJ I wiiJall jj I till J ja » 1 ■ -■ * 

< 430 ! I 1 fa Clautlf I ^tjLucu claauljj jlao^uM < i i.l|l( 63 ill <-ti^ljll 

.^Vl 


: ( Laser radiation ) Jail -U/ TV 

Ijlj « Cilia ^JL|V 4 j L < ii a yA a Ijj IjJ ^1 J-alj t^lVI ^jl ji>ui Laa Lul 3 

(3^3 * > iifc* jj-lil ^jLium <ijUa < (jJCJ-* £ 1 ■ m <jij c>* >*■* 

jl^“ ...* L^j^j jjl — ^Ui-a gujLuaJll£ — ajlla 11 aj^all 3JI 1 A a JL^l . J^ljJLI <iUa 

3 1 •*•*** I aLaul Lfl 31J Cilajy 3a Uat Ira <*i« til I ajinll 3^ 1 > < Cjjljiac. Cb^lat 

1 Jalj j^ la 1 | 1 m JajjjY lillj^ji J l-aa 


Wo 



l 'j* I jl < non coherent JajIjIL* j)UI ^jL^I <jL ^Iau oL^jj 

^juia (j* CiLtJui ji Cul£ (jjj L^jV < j^JcJI (jj > ihl-> 1 ^a^LI (JjJJI (julj L^J CiIa£ 
di<Uj Jlj{j . m*» ^ • <L»j1 yh < il~i> A Jjj {ja iitl 1*1. J£ (jl V] < ^ t M ^jy I JCkliVI 
I LtJk IjLak] I J aJI C>t jlJnl lil i Lfi iA«.i (_f t JLi (j4-i Sj^lii I 4 ii i 

• 1 80° <4ib* jl^ 1 lt* bita.i i j| 

£ jA«j ^^lll SjUI Ciljj (jl (_^i tfjUJI *j-uail (jc jjJII *j-iA £L*_*£ i iliAj 
Ijl 4 yuj <MLLll cjljjll iji oUt >3£IVU> . in unison ^UbIj ■ Al I IfA* 

<jjjjl <L»l£ <JjjJ <j-*jl <Cj-»a-» jl J^lj (jjjj (j^j 1 1 in Cil jli <J Jc jl 4 c4jll fjA 

JJj ^ jTi ^'i i $u i . tlauVI (juii (jj LfJUAafc (jl L«£ . ^ .l u ll oj^aJI <^>* 

JajljJLa <iL jVlt-fc <i£. Jlij j]l ^ (jLuJu) I t £,l,A ^ <jJJU JjLl Jj 

<_iKI I <>.i nil jjjjc <jj ^43 • oL^jIf ^13 J£ ^jUbjj »ia^ , coherent 
Lu 4 CiijjJI JJb <u«l Vi m »j i Al I ijii j‘i i ^j Jlj 4 CiljjJI JJt ^4 i ii I *>*> » 

. Jsj! jdll il <xuaili Idak 4 ■-* UUa Jajl^JJ ^IjuUI J*^‘ 

(jftitl ^jll ijJLl (ju>*>» JaJU t «j.«^ 4 <ili > a (JjJm jjjiill 3 «,i ill j^Llil jl«j 

’LASER ’ ^Ujum!|U jlVlmt I itiLuiVI ^LhhI^J » J*All J_n^~l jA) ‘ 

Light Amplification by Stimulated Emission of Radiation 

Cm >1 >11 (j* S i^ h ^ 1 mb 4 N\*\* ^Lc ^ « i til jjU»V jl^A J+l j!u JL4j 

Jlj «iA4 ml , < ji ur> a o 1 1 rt i*i ylc. <L* Oi^iiV I cat^j • Ruby 
- XV )jSL£Jl cf i L*i ^ ‘ ^" * « L^Lui i (jj— u / ^Jfll jjJ 

• U ^^‘ * Ct*j Cfjbfc (^1* (£ J~* (j* ( N t 

J»**j (j A . A L* A JbVl ^j>lll . (jltjlj^Aj (jL|jj. m > (jl^>l ijL>jiVl (jijl* •life «r»>iM 
jj>*j ^ 4 < < i _ J i >• UMi^i B ^lill Lum i (^jlt JaSLJI »j 1^11 J£ (JiXj~i 
• jjU^j <bl& (j* Jill (jil i JiblJI (j* Je JailuJI All (ji *ja> 



He - Ne 



1 1 |ii^ Iji oljUJI J J-4J <^XtVl ^ lUi (Jj Jo£. 

Sjl^j , i j c.ljj^olo > I^lVI|>jl . rt » . 

< Qj-ilJI ciljjj SjLltl c*lj j L«ul u>Hj < oljliU jJj L^nUi G»£lj 

oljJ (jl (£l 4 Sjlx* O lj I jJL LftjjJu Gli <>l£H ji£i (£.111 (jjjill ^1 <2UoJI JilVU 

. (jjolll Cj I jjl HjjuuIIj ttlLll j.Wrfia <jIuaj Cs & ^juklfll 

jLjJL) Ju^iyi 1 1 ‘ * ^jLL 4 jl>l^VI <oJ^4 <JUt pjj SjjJ <J11 a jjl jj^j 

J4>< Q)j2J] 20.6 <luS lu ^icl <iULJI / t v£i di jj 4 <JLkljll oljUl ijll 

kji J_akG 4 ( jj »ll ijjj Sjlill SjjJI tji llmol 1 ‘ . fl = 1 <ILaJl jt 

% 

IjIjXLujI jj & I £jljll |jj SjIjuuum <UUt j'fi ‘ I 4 1 1 ijj oLLJI * jxa>V I 

H W M« ■ iJJhljO-ij (jjjl ilLk^l 1 4 j » ^^ H^IVI U fc l j V lijj< iji'tlLkjj-* 

. LfjLSLL ^tiu jjl *fc jlialil <11^ ^ Q j n~Ti ^^1 (jjU-JI Ciljj Sjlil J t*l.m* l 0$jll 

<y ' fou “ *■“*■ V 1 . 1 6328u*>^ Li}*-*® UkM ijj J£ J*-* 3 

Oj£ll <j«iS jJ £jA$J < jjlnll (juli jji Uj$lj vjLLII tj-» j-*^V I 

• 

■ 4 J *** <1 «.Si 4 iXaJj 2j_* t j-A ijiJ tjj 

MV 


JLaJU (jjU (jrjjj <JLa 0 “^ ^ UJ^i (oAh) 

j^iail ji L*L*j »..>•> “> 4 jlkni < SjllLuJll JjjolJ I Ctlj^j ^Juilll 

< ^jJI ^Vl ^IaJuVI 

jjjiftll ylx* i^JaII ji i jj oLtli^wl LJl*. jj JH o.i iiV 

jJjjJo Jye. L|_xJai jl jjjUull ^.LaJ <^JJI C> I ^.1 A*u«>*i L«£ < fljjVl Jlit^it.ii ulj 
yi Liiul ^juLLui|j . SjULI Jib ^Lulll ^LaJmI jt ^III <il(—|JI tjlj^JI 

. i ^ i a JI jijoV Lit’ VI 

<W5 ,j-i jLflilj « Jj J .A~J I JLa_* (ji J^olll CftulV jfjJeU 

( NT - XV ) JSLiJi cjhsj ‘ Holography • **1^1 



(W-CV) JSCS 

U » i hj . ui ifc i JJ ^ L » .». t J I * ■■*■■*** M | 2 jjic jj jlJ I «i • ■*•] ■ ■■*» 

£ l>*l jjjlt <!• ituuVi ^jll ^uaJI t 'jlc. Ci*.lfuul jaj t LfL* JjVl ^ ■ ■■*! I 

xu < ^L*-iJu j4i uj ^jll < ^ l>oVl ^1 1. 1 till j4 ^jilall ej^JI 

MA 



diiivj i ^ l « itJ I £.*4\y* ijl\ (J»rt_>l Mj j* 

Qjl l|l > « II I Sj^uaJI ijM dij£ { t «* f> l I J£uJ UUj J ^ I MU 

tj« i ( 2 h» l^fl] jjtal i_iA|JI dll Sjjua Ci * } iA) La I jjj . I JjC. f\yjL^y» 

^ I j^fti ji uiaJlj . buL <jj4iii l.| iS>(j > *i« i u • ^uaII Siv i/i 

< Lf-ilc ILlLuJI j^ dll OuiiV ? i.« iiilL < i^ Jam • ‘ i|ll tjjrfA jjl 4 I J&Jk 

JaIjj LaJaC. i_i>ifM lilt 4 ^ 4 n^l I £yt di* til (£ii)l ^LaVI la^II jXia #Uuij Juli 

■ fc*v>N t* 



JjLuU 


$ (jry>*j^)taLj^Ii 5j j fjk n — 1 Jj Vl tjltU ji ^.o rthjJ >**JI i.tm^l N 

$ >jl ^\A*1I J|aumt»l — Y 

<j/Gll ^US ( Z = 3 ) ^jjXJ 2 jjl n = 1 4>VI (f^LyJU <2Ua j-a,/i - X 

? (£JJ*mII lx* (j* **11 £ *L\ tMt (jjd>*l tf a^>U JjUl ji Uj 
c/ a v >4 JjL jdfaoS) jJk L» . Ja|>22000Q l t < >» uij>^O*tjJ^l (ji ol^XH^iyi J*JU — l 
< itL.uu ol io ,<IVI *x* LiiiA t jLf— aII <, i i.it&U 

<&£ . Ja|< JftJyi 4-liUa /n ^ wul n ^ J <-a» W J 4a Xa.il — 0 

SfA* 10 X 1.67 

Xajl ■ j.*i> «>1 0 .0 1 jL3 L 4 J j*j JttQ-i 30000 J j y » Jajm 3 j ‘ 11 t u O n . w > 3jjuii — *\ 
9 <j o U,j SM ^jl irt~il <aubu 4jiVl Xic. <u£ JSk ioljlll 3 jjIjaII <2lkll 
>* f.*. / jam O.loxjjJI <jjljAj^ljA200<4>jVl jjj IjJ* 

S ^jjV I jbjii jAjL iXk(j <Luj 1 43j!ja ^Okjj ji gulill ^liujVI 
*Ia»I iji 11 XtC t Oj .Jl£ll ji 2 Jjii |il>m ^Jc ^)L ?_.n 1 <1 4am1 — V 

iil «|»II HjjJ Clljjj mil j«i jj^L tfjl < SjjLII |ilI>ui 24- 4-2 ^ *» U>j 

. -10 

<AmVI i^jkJjia . jIa 10x3.03 lT* Ltf-jjl ll£J <j4>aaII 

? jaI l)ji LmiI^juI £jJaj ^^ill Lljjll ijJk L^j . 4j1uJI 

yufcjll 2jj ji Ixa (^LaIjII jjj&lVI ^ylfc J > Lu < i jJ^j-j 3-Jjlli j| <J^>* ^ 

lx* <lljV lijaUI <ilLJI ol cuSU tfjiVl ol^jyi ^ JL*L dl^ , Z = 79 

* Mjiau^! 13.6 X (79) 2 u j»5jjllc > .uij3SlVI 

i 2 jill tXfi jlx» Jjl jk* * *■ ■»' iJul Xa^jl 


v. . 



Lf-jlfc JjuLli . I <jjLa.l ijj |ij i nl jl|ll ijj J^jGu L \ 

$ H* (jj^SU (jiakljll jljJll jiai «. i< A) Ja^jl 
jlc ^ic — ^ ii* ■••^ ‘i 300 I 4 -it JL^* — ^ J 7~ ‘ ‘ ‘ * * .* > i Q.*t I ■* , l»* • ■■ 1 «Jif. — \ • 
CiljJ ^yt iliij’fi jltl o Uj^ flVI ‘Sja 32 Ua i-int^ I . Ciljt jSJI <lt Cm* ill LAat iJUi 

5 (jyfjjJLytt 


v.\ 




5 — jjjUI Cil_jjliil) 

( Nucleons and atomic energy ) 


: ( Radioactivity ) )a\£jl\-\/XA 

(jl£ L« i i % < jjuJftil jtLu i VI LI iii'iII tjiU* SAW ^Lc. Jj^u *- 
L yc^jJu Sj^i JJU <C.L*-iiJ Xuj »j i All t _y>A 4 j (jlJ I J lj 41 1 <-» <» ini t-ill 4 t utLaJI 
L <ij*i 4 4 >—i Jl jjf *-*!*-• ^ * (J 14 4 11 , tj I OuiiV tjlj 4 

Jl>t I jlj— 4 jjl Jjlu Xaj • CiLaJI A « itiVLSt 5 jLL 4.1 <<il J441JJ jljJU tii CuLS I jl 

• tfV iiUiiOjVI fjjJ tjUjj tjli* J£ ^ jj-LuaJI £jUI Lf ic J& ^uljjJI 

Lulj Lfjl a .t*4 1 ijjSlu 4 j,l iAl tjLij <jUiil «J(jLA jjl tillj n 4 

^LLSJI ■*• j * **(j , 1 1 ilf jjl Li 4AII jxijl «j Vj 4 I ^ 4 >411 ^ 


i_i » 1 «*i Sljill J^Ij oVj •>! jc t 4 t>>j <ii idlj iu 4 ^iluLII jdi iiiVI LLlilL 

(Lj )aui(j oc - rays Li)l lniil ^wu lJju ^l^li 4^ ^ ^1 ouJuVl tjm ^jja. 



. y UIa 4<Ju|j ^ 

UoUduljJ luilVl Q* 4 ^loll £ljiVl kJJk (j£J jjtlltll 

SjLLI fjjt 4 j c>« » 4 ij 1 jLi oV 1 Tfcl I 

ji l«& - (jaLubjII jj* ulU i.iit ji 4 jlwII 

ji ■ ‘***‘1 1 4 auiVI gj)L!i - | N - TA J JSuIl 
« 

jM E (J 1 ^ 4 t l|ijlfc lijjl I jlj . l |~>4 4 lljj <JU 4 (J| 4 U> 

^1,^4 uiaaI pi t ...r,i jji ^1 • i t i t i ^1 

l| tic. (^lia I ujjfl I ul luJ I ^jJl I 4 |a — 4 it < til 

ua^l £^11 1 ^ij ■ ‘‘^MJ 4 JL 41 iullllj 4 OC olatmifc 




v.r 



^4j <i^wll {y* ^IawII ^ <^l(lll <j£jJU L*1 1 (3 <(« <1)1 l|jlr jiL (j >_ I 

. y UU ^iixul «**u< <»♦ JU* jl JU* k-ijftj a 

(4!* 1 4 ifffc |J£ Ja&J t ^jAk Ciljj (jjj Lilt filial (j! <U>iilV I tii LuiIjJ^j 

ol^JD-^j u* LLu 1 * > t l <iUS Jlia] 3 

o**ju qU < h ijlc. j | . Li j+£ jr lj-»1 ^ L.U. < „ *. «m 1 L»l . 

. I Ja» <ullc <5LU Cil j j|i <_ttti<>ll <UuiiSU £iJa^ US < ol J^UI 


: 3*&SM <£Aaj SjJiil— t / YA 

(j* » Sjdill * X* jjl Jla^l jJ^j 1 * (3^JI fjjjii fjlc S Jji Y , (3 , OCoicLadi^U 
ci I j (ill cil ) j-A (jjilll jjJc La jjijj . Uj Ubllil <4^LUI £(jiVl ^ jit g\jj 

<J ic 5 j Jill • ja jLfJaVj . # Ij^JI fjk ini a olj~i *jTn*i jil < jj.iaSII ^jil 

jJa*j A quu Li^c ^ T — TAjjSMJL^uUS 1- Ijl | i> *1 mi jjUll 

il| ^ 4ilc <* 1 1 iiti 1 > l*lK » Jajji (!oa iijjdl (Jilj) jliill* CiLumaII i h*i < 

joc jjCll jU juLa jly^! SjjIjj v >SSll Jia'o . H . T . <jj(JLj 

< jjljJI <J»jA (|)4 Lajjj] S Jili4>ll J 4 it OuJwV I ^J4 (juliilj • il^l |^}J ClUuUI ) 4 v > 
(£<X* (j-A olj~.*m 1 11 < l idu (^J(>ak Jaj LojjAj CjAj I j(jj till ji Luj ^ytXiA 


Cnti Xi 


w 


c r *i>*+* 


(ill Oui'l 



H.T— 

t 


A 

4 x>»u« 


/J Jk*^M 


( e-TA) jjCL 


Jilij <1 i* iV I kjliiV ^ >‘>">111*1 < (ill Wui j4 <>jUi j!£V I LiU^j Lu <UmI ^j-uI^aLj 
iiii ^L^j^lijll liLui < (jjGlI Uj^j 1 *Lui>V I jj4A* Cfri JO^JJ ^jjI^IVI 4> 


V. £ 



(jl j|Uj <i^j .( I V — TA i ^L.^l >1 ^ >rfc > * •>*> i (j/t-ll I jL: 

< f 0.08 c>* j <iLLj (jCm ofi-lil jLS £y* 99 % tf JI>s*i 

Cujlii iifatl 0 U 4 J « <iliiV ^ jaj£ ill*««J VJvVl {j* >j»ll Li 

(J ^H l t l Cj£t£3 • tt CtL (jiU S ^ n i f jlljft Jmu *I.1a ji L£ < OC <Atu) <> 

1£aaw tji £>uli < -*j 1 *' ^j^L^lVl P 4 juA 1 irfi">>! ^ >-^*f ( u T - TA ) 

jLlJI |^Jc l^ijnUi y <<ui1 Li . LLj (J oLui ^i (j*> «j ^ 7 

lOOtjjj J«>J ^ILm LilVl > , ,i I ti > iirt'i ■ P * Cl < « ,% V ^ 1 1 u'llLi li» 

i r 

I^aLajII »jL (jk IcLm-^isl im 3* r/r^ 




^4 1 < t~i.lL ji ^|L j n»tf (^1 jjLaI I LtLfe, Lum) t iiL (jl J-a^j ^\y 

LuIj t.i^l iaj 4 j| ^i « <jj(j liUL <1 jjj$L < L* 5 ji ^a jjLaII LL <j>o-i <l 51 L jji 

. 4aa Jit jLl ^jJJ £Jjja «2U» tfj hm j4 SljjJI JllUl 

: fc(>dt ijuiyi CP <-USll J>-r/TA 

^ t.ii »ull jjlS < 4 4 t l».iiiVI ol iAKH ^(}il Lmil ^jill 

i.iLlm a l ji ^LuSJI jjjUI OjSii xui^j . fj* j jLtl jtLJtVI LLLII LLaI^I 


V.o 



ji >_>j >«j 4 jlc (Jlj ilxLuj jj < <ii CciiV I jtj ju HiiLlJ ^ ^ m <ju L^ll Cs> lJI 

6 jjk J | , < ,J\Jt 4AJ X*4 jjjJJI Jj-4Jil 4 l> ,TfcJ 1*4 < u.lKl mil 1 | '>* (jj&ll <dUajil £^LaI 

Ll t LL> jl lljJ <AjJuV jJAjJUj L.UC I_|1^* ml I ji <HiL 6 > » jm3U <4uij^ 1I oljqj|->l I 

j*V «j ^j-uul JaA < o jliiall j| hj> < Ljl >u 4 ^ I* UaG ■** >^ "* till ■***! - ^‘ ■ ■ - ~ 
CjLL *>i.h jjJc Jj «a«J 1 1 Ui L a <j£-*I uij • v_JaJLuJll { ^i OhJuVl (jutki ilbUlljl 
OuuuVlj <-i|jV I Cil nj i n-y It O^LlioJI till j!>j i IjLi pljt, im jl^Jal (J -Lc SjjLS LdLk 

.<*£11 

LSL <UjJa 1I £ IjjV I £jj Ifi « (jjlj <ijt (jc- 5 jlj*- jfi Ll 

*** ,» 4 l 4 | > n „t j ~> ll CjU^lj-* jl jL ft . C l^l 

i \ M Lhulll jl.t i t jkLIa^ ^xlluu 4 ^j4j 1*114 11 jjj jl «LaAJ <4jj Lilj^aLl 

jl t^JlAll < iit lai * 4 1 a j a j > t/jG jLu j4j (jj-a>jJJI <ju fj 1 * »■> M v » jifc • w i&SLl I 
jjj4 (J lc >LJj (j^>i tl I Ijjk X^3d3 * <LLu ji ja! >11 JjIju La (juLill tilLu 

• jA^jill jvj ijUl UmiVI jlf^ajl j^A|j 4 <LiVl 

jlftjl <lll> 44 lljj £jji 4 >J jl 4 ^ ty ll ^ I I I 44 V I JltLl IjhV 1 <> jL* jio* 4 j 

^ j ii. t a 4 > <iljiLidul j* — ( 1 — TA ^ L£ sJ^jjjj . uUI jj I- ■•*■! “ ■ -"-ll jjc 

• l. tj a Luj^S> Vjt Jjj/u 4*11 4 44 (|.LI«i < JaIL Ui iA Cia»1 (j>Abjl jL I^LIja 

ilj^V fjiUI . i <■=> ! I 0-* >L1S Jil J4^ Jji <j I j 1 a4 4.V Ij J I. J I j<j ^-4-ijjj 


• ^jljj-Ui/Vl fji 




jlc . < AjV l I 4 .ft ,t ,y\ JjaJj | >< i mi < ftjLt 4 it Ij ft jjli <j * “'J I Jiii 

'-‘I “ H {£i tr^>4^ll Jl— ?^l cf*^ > ^ ‘ Cit^ii LficgSLi jlj_oJI (ji f i ..I 7 . >< > -* 

3>i f i A « o i * R «L-jL»i.l y Sjx .fifci <UaaJJ (jjj-flS jLS > M <U > .M • <jl^U-ujV(j 
jx. jCu c l l iljj 4 J j > i ii i jljc JLii ui J«ij CiLuui j 

CjjIi jljjJI (jt tjjLxll it|. JI Ci I irt j i jl . , . jljjJI (J"- i* CiL«_Ljui_aJ I 
jtjjJI ^ 4 li~t >uj V cUj < LUk Luiil fl Luj till ^xuoJI * I j-*-* 4 Luill 

O+J ‘ CiI « j ..i J I Ci UuSil£ j^I j^-i cilj JijlLu < 1 |mi 

. Jlft i-fc V I JUaiuiVI ) jM <4 tJU ilcUuJIj 4^n .. 1 . ..-wl I ft ft Li 

jtjc U<ti£ JJ U L± 1 L — ClLkUuftll iilil |^|LUU ijl^- ■*■ Iji 

JS-. SjLaj f±4*y Lftjic «j jil j i Scintillation counter 

. ^ll ILuiljj 1| 1^110 1 irt it 1 1 if ji.tirti i 

fk.l ~fc~l I MJ vllljf 4 <LUtll <1 I J< 14ft Xftlj ^lm> jc 4jnitill -J ■■“H <LvA^j jV IJftj (j£v|j 

t*»> > _ f v L ( *»> v_i^ j-ljj — (o— VA) J5L1 )L>(juJLL£— Photo multiplier > if I « A > 

^m oi jl jj >4 . Li l.mll ^ LoiiliVI Jifti ■ m~i ^jjJIAJL 4 Li i Vi 1 1 pj*4j <4*11 Jj^I 

oal*4 ^Uo ft A 4 jj2£JI Jc, < .if JI J Jji «Ua*«ljj J-j >j l^J^lj 3 0 < fc Vl 
(j4 jjxaII <1o ■*’■* “* A £ft ^4) 7ft)V I ^ 'I ■■* Lftjjcj ■ <^jli '*■* ** ^ji 

<jic 4 A j jj S^bU J5Uft (3 jlj tU]l ji J^u U jySf 4 ci Uy^ lV I 

Cii itj jflVI 1 iAji Lft 4 H^jloll o Uft ^ V I <4 A I jft ^ 

. Ji •> . .. “ 1 aljLOi J Jj^j^lj *>I*V G fcf ■*- >" » cJ Jj J J-®3 Jll 
4 .a .*.ii ^ «*. Li ^ , LiUv <ju iV LftuilL 4 *- lift jj-i “•*■ oL jlaoJI II* j _> * ~t jj 
J& JoSLbJI ^'i u till ji ^juoJI Ulln £a <1 cLua 1I <ft jLaJI 

• *o>MI 


v.v 




l\yl\ fcjuijj-i/ tA 


ijAZ OJ^I i * f^il I olj Sjjll <an^*i Jjj ij Jj (jl Jaj 

< Lu_)ij 1 <4^)1 1 <1^1 1 1 jL * Ij^lLjjilj^ijjll ju 

. iljill t , > ia'i »j-» 10 £1** ijki& jLul ^ie. SljJI ^|j a oU^ mSJV I 

1 ( T» uHJL>-^lj n ol^J-^HJ P u- 4 

-19 

I <lll L»| , 10 X 1.6 <J-*J UJLH^ V I < t'V it i Ljac.^jLu*^j« <Li — a^j-» 

.<*£ 10 7 x 1.673^4* 

-27 

L £ , ^sj& 10 x 1 .675 Lij^ Jj L u . » jfi <i > *fc <» V ijjjluill) 

*>*» »t»ll <aa£ I tfjjll JJjJli^uajpl^jilj^jll £yk Z JJA »jj k()i daj4 
4A*JI ^c. i jL> 1I M j jll ^ij j l > • >!Uil (jJc + Zj£ <oa^Jll 

kljlil ol\)l* ijlc ^Adu^> • i£a^jU_LfJI S")4 Ixc t «_> >»I mII lUIj jjLfc ol ijj *i _>> 
. J4» lli iljjJL ol^JS >> )l jjc f j-+ A *4j < olAjlLJL o U t y i-M « 

fJjJa*al 4a^j ^ jll , Jjjij jj jJU ^Jc Sjjll Sljj <yi i_»Lio£l O^j 

jl <i^j < /*« m tu l I <Lx<^j<Ut^ l+J cil tj oljjj Lili ol c\ «*i^ 

■lift CiilMtull C>* «..>*)! Jti^j < ol • \ mill jiJb glil iJaII jlJu LjCa »«M oll Jl.,t t*t ml 
o U m I (jl (jJI j jiMj Uj 1 Ij ‘d»l I JL till oLuua 


V. A 



• *1^)1 ^x liuiLuVl oL^K J I ijjk 

Cil limy .1 >L.^I jjc <i jlxill ji Ci Lc Cuwl ‘ h’iW N • ^lx fjAj 

^ i a ^ ... jt>%t Cu^ |*CI I ciVUJLI ji >— aj> *> i V 0 u>,t iV I cul^ Hj . ^jxL^jJI j io‘n i Liil 
« la. JL*. " 4 . j n i jlrt l \ k»y 4 & <juJL| lfj| ijic. CiljuJI iji Cijxlc .1 JAX lillxl — <‘i% 111 I4J <jl 
oj JLI L^-AjLbAii <_i ij'Cj < <AuiVl * jx (jx* l jlc iwijl^j N WY ^(x. td^^jLiu 

I I jlf Jix-kl jlll Sjlaloll gjLlilL glLull til , uL ^j^ lill.^i^^JLlitlCiljj 

VI i jjk L» <■ > o Vl aja jjl jdi ..i 5 *l ll I JJ j-*Vl <i JLui ^IaaLjiL 

■ C1I 4 y >xu La La m l iij , LujAj ^it j I <i}£ IfJ 1 jjc. pi «im^ 

cL^lo I V i ^ a j 4 ol^x^Li^j <u£* Sljill <j1 xllj (jitj 

4 ifj ill UjXc jA Z 4 ijjJI jjj JIlaj X i^uai yX ^ t > A ^oJI l jlc. iljoll » A**\^J 

JcLLIil <jU£ «j JJj ^icj 4 .-, He tjJ Vxa jajji . fj fl^ll Lajjx M 

lx. Jl j» III T»> l I Ant > JaC. _J Be I tjj (JA () n | ’nii .itll ^ A l -a. l-lt ml L ^ol I 

• 2 He** 

jHe 4 + 4 Be‘’ -» ,C' 2 + „n' 

( ,C'- a>yS SjjJJ »jj lx» ,ji J>^h) 

(jl il^jill Ja LkJl |>_im-ji tliUujl jjc jxj CjAA^II o^lx'Lioll jic ole. ijeLi^j 
(JULtj 4 4 jlilu jKH tfJXlJI (joAu oijJI fjuij (jij 4 2 jaAu jJ I lx JJjC. 

C #3 4 |UAdkall jIjiAi jljjj (_£jill XXlJI j| Aaj ! IjjJI JjA llii * » ■ tiilul JiC 

jiAJ V iljjjl ja OJLH^VI ^ < V ^X dUol 4 2I3JI ^MCuiilL lx. SjAjLhtt ^ 'i A » n£jy I <££ jV 

.^IxxJI 

Hi) oJjlj 5 jj J] lf(>aj £aSl* j^jjjlj 5 jj j>* (ill faux ^X>ii Jlitl j^Jcj 

: JeUuil 

„.Ra 226 „.Rn 222 ( 28 - 1 ) 

v-\ 



86 


Rir 23 .,Po :i ' 


ajJb t> a aiej 

* 84i v (28 - 2) 

: j^i (ill «±jUajL j (Jj-fcljj 


84 


Po 


218 I — «il 


-» 82 


Pb 


214 


(28 - 3) 


LLu <1* LkJJC CjJJtjt j'jJj (Jjt-M jUl £-Jull l^^JJkAuV Ij 


82 


Pb 


214 


83 


Bi 


214 


(28 - 4) 


j| Sljili ^jjJI JX*JI {_y* UIa. 4« iitl ibuil jjJu V <j«u ll Ci^lc-lilll 
4 |j jiii 'j 1 -*; iljlll £ja LtL» £[» itij iL^ul * ■ *‘‘jj < JjaJ (jl 1 1 j> £ji1ai V lillj * 
llu |>> i ii ^ <^iljujl LIa ;*i w ji ^ (t i%| ijU u^Lo^j i Sjull jj^ll £>( ■ i‘»Vli 


(ill 


: ^pljuiyi J 5 b-uiVI J -.5 L -.-9 /TA 

< JAS-1 O-Jtll ftl^ill ^j-0 lo04 jl (ill Cl I ft J I il-Jfc £lljujl ,jl ljj|j 

( j «_> j U 4 « ,i*l I I o» 4 ^ 44) . joaLiJI Jj.i 1 ui L^JilfL* j* jjju 4il ^ I 

^ t-ul j v JI 4-lmlm !jJk I 4jfiLlLiJyJ Jujl 1 II lijlj ^92 <81 (jLj 4jjjJI UjIjaI |kli ^Jlj 
jc ,t.t < tg~~jjj206o Q ^' " ‘ rt J^9 ( 1 - -* j * > (j i^" ■ ‘ ‘■ \ )< ^j j > j~ > ^V ( 4luiL-n3^jjjjill ^l<ul<» (j 

, 4 I 111 I 11 J | ykuUII ^tlxiiVI JiLuujll ( *\ — TA J 


v\ . 




: ( Half life time ) ^buiVl i i*d ill I jj*£- -*V/¥A 

jl iilujl <*xiVl ijJ Lt^ 1 **■"** JjiLU CLwil << JA^»LiaJ I (J ** *iAl 

, SjLail ^tjuiVI Jn! ■«■ » ■ ^ v I ^ »jl I mljj * half life > i<<vJI j-ac jj . L*l^ Ou£ii 

. ^ j 1 1 rf»V I I jjc > ,»i<i‘> <aA ( jlSJ (>y)U I *— 

jjk dt ,jM cu-i ~u (jill ^<m !1 • N oJLtl oljjll (jl lijiitl I j] 

: ojifdN 

dN = - AN dt (28 _ 

I^Aii J^ajJI jljjl LaK Ob J jL <JLJI tjLui^lj < jy *> • irf»Vl C*jLi X 6la 

^ (j ~ t I ^ IjJ I \.i£L jjjSfcJ (Ja ISul I # lj&L|J • 4-jj*^ >1 1 O Ijil I J. t ... C 

(28 - 6) 

. LjljliVi <jlA 1I oi jjll jjc- N 0 ioA. 

Jftxijjj • * OA(j ji i-i~ii~n j^ill 1 (jA j nX H <jl-J J>l. > a A ft Y I CuLt 

: <1jUIL Jjl^*iAVI cuCu i.iirt'JI ja« 


N = N 0 e 


-Ju 


V\\ 



0.693 


(28 - 7) 


Ji rfw'i jLaliVljj ( 28 - 6 ) N — 1/2 N () <au)Lj lii-ijt 

• ( 28 - 7 ) 


:(>-tA)jOi 

<jl 1 jli I 239jjJ^I **>•**- f 1 ^/a» jOum tS3^i 

$ Ol^oaJI jAt OajM 4filul1 till 2300 ^-iu j-U-all 

: J-aJI 

6.02 x lO'" 1 jjjlaoii fjf<K>Lll t> (239 gm ^ j*jj 


10 6 x 6.02 x 10 23 
239 


X = 


2300 


25.19X 10 


14 


***** ( 10 6 gm ) 1 ^ .\ 

ijj 25.19 X I0' 4 
A, Culj 

= 9.15 x 10' n / sec 


T. a^aJI 


T , = 


0.693 

X 

0.693 


x 10 


n 


9.15 

= 7.57 x 10" sec 
= 24 000 year 


vw 



: (Y-YA)Jtl. 


jj ij* f.1 yy jL& jit L* f At A ^Lx (j* <aa£ &S^ 

9 

j— »-c (jlj ■ <lu» 10 X 4. 5 jJk 238 fJ-AjI jj-xU > >irfk*ill j.a. c jjU L_*Jc < ^LaJI Ijjk 

$ <iud 1620 >* 226 ^ * ii a~J l 

: JaJt 


m <Ii£ 

m _ 226 x 1620 

1 k £ 238 x 4.5 x 10 (J 
= 0.34 x 10' 6 Kg 


:(r-YA)Jtl. 

CfLkuoaJ £-La J4j ‘ 2 10 O^J J|238 Jila-A^VI u jjj 


Ly* ml La ijl ^-Ic. I jj i La ^y \* ^.La. ( Ja <■> « 5 ^ frjjl j j -JI Ja»jI . 1 ~i tt 

5 

. '.ll J * r. , <^LaJI Jjj 1 ~i J i ^1 m > 10 X 1.3 £aLj <.A A*^I I 6 jj \ ,j _• I." Irfl jj I 

• 10 x 6.02 10 x 4.5 >* 238 fjeiijL>^ 

: JaJl 


A *urtVI OjL VjI 

0.693 

A = 

4.5 /10 9 / 365 x 24/ 60/ 60 

= 2.78 x lO'" 1 / sec 


4jIauuI Jjujla jjli i j^aJI » <jl jjl <JLa ^jk 2l0o"^°^^ u* ^ j } ~* f ■ ^ 

. ^oLa»jJ I CiLkAJUbL^i wjLujl JjJLA (_£_)LaJ ^.JAjIjJaJI i J j ^JA pi «jnl^ H 

LjujV I J JAa 

N = = I o I j j joc. 

J5L kw»A^V I ojIj 



.*. N = 


1.5 x 10 s 
2.78 x 10’ 18 

0.45 x 10 23 
6.02 x 10 23 


= 0.54 x 10 23 atom 
= 0.0896 gm . mol 


• f L>^238t> fL** u2 

; ^ UJI ^jk <l2k 

m = 0.0896 x 238 


= 21.3 gm 


10 

Sjj 10 x 8 l jli . Ujj 3.820^^* * m ill jjut. 

• Ujf 1 1 .46 4>j tr* 4> a “ 2 c*ljall •*<*■ u>»b 


X = 


0.693 

T, 


0.693 

3.82 


: JaJI 

cuIj 


: tr* ojJ <^*4 JJC - 

N = N 0 e' x ‘ 


= 8 


- ^ in 

0.693 x 11.46 

X 

10 10 

CXP • 3.82 

= 8 

X 

10 10 

x exp - 2.029 

= 8 

X 

10 10 

x 0.125 = 1 x 10 10 



10 



Sjj 10 x 7 fL«a LcIajJuI J^ Ti (af lil oljjJI JJt 


vu 



: ( Artificial Rodioactivity ) Jaliull -V/ YA 

0^ JJ.H ii I Vt 4 Sjllm * J4C S ^ Jjjj jirf»Utll oV^Tkl] I (£4jZ 

jl jtl'iiall ^ftlxuVI ial 1 V 1 IL SjAlkJI < jlj jlntl ^IxwVI olj j 4^1 >tll L* 

jjl VI 4 L^yu Jic Lujji till pi 4j 444 ^ I j a n L <l>iiUI (C mJI itn j‘i l »njj . *> nil I 

Positron ^ <y L \ yjJ I **j jjiU < ht» i jl 4 ol y> LclLuo oulll ^ t ill 

<Ljj^ 4 tt£ll ^ji ULu j'l 1 j flVI JjLu Oj >-> _i~k 4 ua^ll jjjjjilVI jl 

•L^ljJ JV *■ ^ I il 4 44 *>^l 4 OJ^VI 144 JjLiU + 6 

: Jjia titOak^ . jljll ^ LU. <a_iil I . rt~i J 

Aliuil jljll L»La, ^a .4 w l Jajli o ^jfc gJiL 4^4 f ^> ^^ > 4^11 j >Ynl L — N 

. Oui V I <iUa 

< SaULI u* *j_aJI o U^ VI jaI £* L*L». u u . mlj ^1 jfii 1 * — T 

jjji SjLjll QbA^uAJ Lm L*L^. <i(Ja jj-4 U irtill < >. > v » /> < w AV I 

JLaJL I LaLdk ijii ti <— »lj-J-*l (jl j-a^j *i-ij < ot^jj *K b)U (j^jll £ LSiVI SjAlJa — V 

(jji a I > 4 ji d/^jj L. uI . * (_/!] u>U^^ Jjaj a l^iU ^j^ll 

• UJL HfUJf aJD **^ buJU ^| 1** ^ 1 ul ** 4 $ * 3 * ** I »l l 


Jili (jitxkt ] LUuj i)C Lit) 4>* J3I uiJi] 

: J * l£II t tjtH Lk ^ iLxyj^i 


13 A1 27 + 2 He 


0^1 



(28 - 8 ) 

dli <uj ^^lUpVl (jl Ix^j JL ^> 


nf •-»!! { jj * < x &\ ^ i | vilJj £ a > j | .iij • j jljc L | jU . ljuii | 1 n' t 

jjii lii jt jjLboll ^Ls-UlVI <444ljjjj - JtUllI (ja Ci ? V, I J^P 

($1 *Laaj-* olijLHiJ) (j-» OJ^i I 0* « ^pm^l aU >4 JLai— > ^ »jl “ »■• 


VNo 



15 'P 30 ’ — ^ 14 S ' l> + ,e° JcUJI gin I e t1 
L* UU < ^fJUM-iaJI ijA 4 i (*J I jtl >..<<VI *fc 4 .<aV I JLaJI j^<ll ^jifcj 
^muI JjJlxjj • J I jilt * mV I il Lk. ^Jj IfljjaJ ^Jl klpll £yk 4^ljJI JJ.C.U.MVI .ItLiujVI 

. jfcLbfc jjfc U . t ij JatiMi CU iiiJ>Tinil jMi'tc (fl jjJfc 

A = ll / 111V <JLa^* J^Ja Ji£ ^yk fi. jiL iljill 0A j'MMjju ll £jLujI JjC L*l 
^.Lc ^jJLi juLa « 1 1 IAIj <jj 1 (jl L^J j^u V ^pll S.jill jUul jjlfc Ajjj Lt* 

jji jLu . L^ilj aljjll yi jl Ctl^jp&Jj I 4j-a*j fJ-e. J j is <»_>J«-44 N AY i 

■ ^UaII *jj» 4^fc ilpjl Jilj Ca£x>* lP! UJIHJ^ 

0 n' -» ,p' + ,e° (28-9) 

j I jJLaj * (pil ^jjll jjjlJI jljjj JpJ ClUjJI tjjk jji ^ » < t>Allj<*» itJI <Apj 

ijn Sk-tj Jjjj 4151 a* lljjitu J« -V . l t (jl . Lfla ul IjjaJLa^ll 


■ UXHjUW 

|"' + i e " (28-10) 

g^pal < o!>U. Lilli * jj» Jl* opj <ilLJ I # lij ( p>ilS Jiia.i 

111 jlalljj < Lfl* ■*•* ■“ I ~ ‘‘ ft i u ^ J^J OLiaJI ji lllj Ijl »» » LajU iiii • Ijill jjl 
Jil <Sliaj iLu f.k*Miy Sl^pll j« £<■ i*i I l* I j . llu oUjma * yi <2Ua | jljill 
4.->> Ju <J 'jujl jlj^ull fbbul <jifc f utt-y £tUjjl ullj u^lia < y^fciVl iJI Iji J.4 


dj ^ < (jjjj V jAj ULj t« j±i. < ti_>i ■kll « I jA^-ct ^jLkMj <i£LJI <l£i£j 

. Ix>_>Aj <111 * a 4 1 .Ail I jyi 


: ^u> ill -A/YA 


kljiJI Cil 4 >l^j Jajji* jjjJI Sjill yA L*j , lj _ t -h 4 \j+l ^jill Jl jil Vj c»il^ 
jjJl Uj ? f . «t^ » cili L* I j] . jAl I i_tT» kjilm • jpj Cua. * j i*i ■ .. < 1 4 U ^~u < 1 1 . A« ii 

S Jjjp) jipiu.! j>»4fc <ULh iJLiJ-^I .til I CiLtxutpl tp.la'i I j] jjll I 4j4-xll 



JLtjj V I t Sl^JI ( jA 2 j£i l> j La j 4 * ‘ * SjUal^uiVI jj | 

-12 

^ J 1 <> 1 +laJjj JUiljjji ^ SJIj * ^ i-y 10 <> U^jLi 


j] , .~.l‘^KvH Ij^ jjXlmJI ojl^lll ( _ f Jc Juti < L»Lj » ^ 


Ui < i ji'i.a . »(jj vj4^» ulLHJH) ‘ T A *>* OWW «> V^-Hf UJLX*?^ 1 u’ 1 

ujj Jftjlj-lll 5 >i J ■ <» *» Jl Jh* j-ajS bj jJLi^l <-ijjLa. (jp t -i jjl jliJ V Lfil 


-13 

• f-*- 10 X 3 1*1 \ »* A*-JI tjj £j Sjj *!>i lo*Ifcl 1 jj-i • Cil^i&ll 

Lp-* Otxj < ijfji ^2 25.6 1 *| in _>iLUI ijJ JjjSkjj 


ojlai J>Mj . jIaxII ^ JiVl ^ic LfJ <JjLa_« <jj>i yJL* ijJ Jl al^iJI 


iljlll ^.L* J Lm < ^oLI tjjlrti <j«t ill (jTj jil * jjft jjl jjlt U)l Cj 




4 paJI • Juk IjjJUu L* Ijj i *j*j£ < cj *« k 4 n^ill t-iJL^JI 5 ji (jkdJU < a ^ aIj l^_pa. 

. (£jk II -Lii tlufte 

JCAt l Sljlll ^Jtl < 2 Ua £ 4 >*j I ^Ij-fcll Ijl >*uul (jSLftl 



!^yS l Ijlll »l_aa Jj^-il 1 aj m> ilia lii-ijJ I jli 

L* ttlkll <tjl |jSLt I jli < <ilL jjJJ Ojkjft lilla < )La> jlnilj 


VW 



a jjk fjtl I i] Lftl • j^JaLuu jjU <^«uil JjSaII Jja HUail Jxa. C*-i ^Jl 

ftljiU itiaoMil Jj Aall IJjj ttuft < ftljill ilfft jji ifti i mi Oil 32Ua 4j.ll Ul 
Ujl IsjUI llA jAijj . ^U-JI ^LuiVI i.LSul I * ^aU. Ju-u* 

. l|£ft f m^ll JaC ft(jill £jJaj 


: IjSlI *SUy ^liSJI u^Ull -4 / T A 

<— 2 LL oL-^/l/Jlj CjU m^ ^ aII (^u ftljall ft j j jL^ jt t iiiij 

. LtLftj ijaiuII jJtxt jjt *(jlll oL^K’J Iftj^UI 321L1L ui^yu < July* 
Jj^ I jjj . <iLUI ZacLft ^ **•*■-' ^yll Jojlyill liUi 

* l^jlJ I L 4 Ua^j* ftjjJI ftlftj ^li ^J ,jSlt ftwaJl oU v>l*lll« oU m ytoll 

ji (JaZJiII • ( mass defect ) oL^I yJlj jIaaI jJu ^ ,j3ll 

: <]j(jLftiI lii^AE JLaljall ttlL Am^MI 

AE = Am C 2 (28-11) 

. HAjm C tluftt 

<i£ll < 0^“ ft(jl«Ul^ jaiiu Kull I j+1 jj t Ul$j 

2 n + 2 P - 2 X 1.008665 + 2x 1.007276 
= 4.031882 a m u 

4.002600 a m u : ^*1*1 1 s jj <i& 

jli^ll (j^iill lx* ia^j t <Ljj3iL£ 0.029282 jaU^II L/ jk (Jjj-ill 

If}* A' fr l £) I Xa^j oL< t >t I uLutall^) , ^.J^JI Sjj ft(jj| Jajlj^ll <SLU <il jic 
CjU ja<j Jfl 1 j'iIJ I ^pUll (A - TA ) ^JSLAJl yAjjj * 1 1 <rfii‘i < 1 1 ^ i^Uail 

xijiSLII uu J> -iJI AM * Z ^jjll jxaJI jjJu ^» ( A M / A ) JiU 3Ji£ll 
*I>Uj it|>ayil Cilin *i jil I ft C 1 I 4 M «> JI « •> « l|‘i« Lj >« v t^« < Ijijl oil ^nill 

. A UjJcj 


V\A 




£* t> jjci <jj j *x^3 0.02928 Ujii il£ l .•■tic Jlill JLxw ( 28 - 1 1 ) 
aJLH^j o* 4 * 27.26 LajJS <iUJI t> ^ cSLftMitfH u 4 J^ ‘ cjHJLKW 

. -Mji 

>l>ji ^ < <j.h>i*imII UUJI jiiA« ULL <il£ Jj ■kill Ijji (jl j^olL jjJub^j 

• (£Ap JtliS yi Sj j i Iji ujSii uUjiAhMi o'AAji* Wf* JU 3 ^ 


: ( Nuclear flssion ) jUxijyi- \ — ta 

(jijJ* jits. j, u^LialJ Jllll (JaLJI Jaljj (A — YA ) jSLi)l<j-a taJi^Y 

*jj *(^j jjl liaiji I jU dlj < <i irtVx (ji j^LaII JjjaJI 

la j u JaIm < j^kbu lijLi (jC*l «li Z j4ll U j it ^ fail > fall Jli llJi 

^JfjjAll ijtini 1 1 i(jiil <££ lj I’lt^i la| >a Li ^jLo* LfaiaS^j — 

z 

jILl.VtVI X* tLJai <a j£(j tilljl . ill u>mt tlH^J < “(jjjiJfiHl ^jll jia'nll 


OLfilil ULfj 2 ja olia < ( jij£il (^alill jillSj Sjlll (j* ij . * > T> 




« * m 



* Ijil I > >.\ t*> * 0*^3 J*-' *tll < * JJk jLL-JLiV I 4 jl«r vLi ,1 *fc~i ^£{3 

<il j] < L >A a yJI IlfJ Cil i-^ > nil jA <jl .A^j J4j 4 }Ha Jaaa fin**,* 

(jc Jaii OJilia J > »j Lujj i Sl^lil (jJ <^*£1 CiVi t >1 I £_* JcIaaj ^Li 4 *»,»jJI 
« Sljlll <— *jl 4*k\» <jl_i iillji I j j i ii *i ij l kK * cul^ Uj • (£j^lL j-iUll ^ ii • -«-~n 


n 


, jlUtuiVI itijj-kj in ji Lm 4 <12 UL l j* L^jaL* b l 

Ifj j £* <lki*Jlj<JUj_uJI o^Lc-lftj CwljjJ Ojj^I vilJj 

Ojl^sJL »La^uII 4 *>> Ift J I Ci UtJ ^JI 4 j-*a1 {jA JjI ^jAjaA (jl£j ' 4>li^ 1 1 cJjjll 

J1-* j n» lt f (^> i jj CiUxK^ 1 *<A* J5-* J-*“1 iji <j. J_»_i 4 O^LtLi-lJI 

. ljrfJ& SjJllii ^J4Ajl£ll 

jjJtl iSij*fc N \ ^>U.#Laj 

1 4 i ji .lie 235^! • jj tjl 4 i i rt i 

(Jl ji» A * U « 

ji j l Lij I «.*> 4 j^jLJI ijjSL 1 • A A ffc l (jf>L*£ 

£* ik^jlll Jji 45ilS jl (jUujAH u'AjlKJ^ JtbtJI 
i(jj J£ i-ij *fc < oLLil i ja Sjoj^ <xt£ 

i>» -M>® ujD-^i u>^» 200^l>-*“ 


<fl£ 


n 

n 




235 


\ 


nr 


. UjlkJ^I 



^ jj-ft j* ^ u&* * lS 

L»a i j^Ij ^jjj^j_uj jLL*L-*l ol^ixh" 

~ vjml»*4*l 4 Jc.Llj Q-« 6,1 -fcj (jl (j£«J 


J* I ** I jl <ii ^jJI -( ^ — TA ^ J&wlb 

( ^ “ C A ) l L J^ ^ 0 ’ '*** X JJC. 4fi>jYi ^j^iljjJI O Ij j (jA X JJC 

iji jjit Jia ffc‘> LmLI i JmJ>aII I Jft LLU I 
J£ oJj • r ^*«l l j|j . ( 3 X ) ^ jLaaj oUjjj^-tal l 


CtljxHJflll JJC (jjISa ^ulul) (j-» 0.01 


VY. 



Jjjl < »UoJI <L*SI Jaa-L (jl ( 3 100 ) Jjjl SjaJj <ja(a JVLk JaUaII yi 

Lm < JcLiUI jjA So^lj <u(j JiLa» La jj+J* (jillj < ^ t ill *xa J£ j(U»ujl 

, Jc. Lilli ci^luti < . Ijif jlaiil <u » 

< ^>j 1 IjjJI Ja ciL jj jjiill V I uaj ^LkLilt Cxy^i Jl J^^Ill jujI I jjj 
ij onil Jl Lp I j jl j£*a < U‘ 35 <j* <akjjA <£& ^jL JJj|j JaIaIII 

• >— • J+1 I Ja J^AJJ Jl JjA <AaLJI o Uti jt-uJI (JSk 
< mn Jt Lilli jjj < <£S^J I 3 If, l il 1 1 SaULI ojlj IjJ <il ijJkSjj 

CatLaJI Jac (ji(j . ^C«w £VLa ji •»> i~! .lie 6 Jaj La I i^j < jl -a. t‘iL L^ya. irt< £-*j — 44 
SjIa ( jA » i«f. I j j-Ll»«>« — <j»j JI o>UUll ji JL^JI jJi US — J*. Lilli *jul ji ^aklll 
L^JLakjb Jclilll Jl*A ^Wtll L^lLxkiljj (jCajj < ^ mi Cit j t) i t^ill ^ul ^jjajISJI 

■ J«-Liil ^ J* jl 


: gUlJVl-U/YA 

U* Ujlj t jLlniV^U 3j44iS*ll 4 jL*1I Jjk ^j)jill ^LjiVI <j1 jLuC.1 (jSjkU 
( _ r lcj < <lr> m^lll (^jaII Ja jajSj ^o£| <ifjLaJI (^>iil (J 12LII tjrfkiill (jl( A — YA )J£ja )1 
it ii LL-jIj jjj < M.„il LI I J— • SjijS j— jjUa jj ~kj <iuiUJI (£>ill ^Lxl jU dl j 

jujj <iLLJI jjA I joi gilt ^jaIa 5jj Sljl JjjSil jHixfcHJ J hhji^ jLaAl ,j1 ( \ - YA ) 
I JJk titljAk] LfJ ^jSaJ <aJaala OajJo ^5U Xa<ji V jSJj . JpJti j ty iSJj J^ aIa 27(jit 
Jxlmj iljlll Ujj^SJI Cl 1 i -k » »l 1 1 jjl Jjj till j <j^UA LkJjJ . ^IaJjVI Jc Lilli 

wjjJj j^^SJI jililll JjAj gLktliVI <1 La. yi 1 «‘ui 4 jiLull JjjJo jILumiVI <a!*£ 
^jic. ^~>Vj ^ • Ljla 1 4 ^ .ua * > < -)<u ll t ill jJj i 1 4 4A>«t < i _i i-ill (5^ 111 

JcLi-lJI JL*— li] (*i_> -k 4 Xc*u.>»jj ju^J l <Liill LI La. jj-i VI (5jt>JI ^L_kjjVI JVl 
jAAtilll jc <1 mUI LlALfll SjIjaJI Jajl^j 4 ^ji L.*.WI ^jjJI ja <iili <U*ut(ji ^LjjVI 
jAjA^j^> j lfll oljil ^LaXVI (jj^lll JcLkill »ja ^jLLJLiVI 

. LAjJaA j£ki <iUa *JJAA !J IW1 1 <a )Alll I jl j2a 
i [f t ^jlj-aJI gAlaiVI oV-tLij ji ^«k "ill ti^j-k jJI (jA jjj-aJI LJL^ ^ 


VY\ 



iJ j^ i Lj’G <^5ll oljliJI ^uiljjrf ^j«u (jlllj Ltj^LJI «LjuJ dJj ^ILi^j 

. <a^j {J lc, ^jjjxuJI jU U UUj Uj^UI ^k«L (jJJI 

: ( #-YA ) Jti. 

djU jj 92 ^ 235 J W > jj O j U .u i l Ctl^jlaJL i f jji jlkt&l <. _ > U f ji 

. Jtlisll gjU U 38 Sr 94 , 54 Xe 139 

: J*N 

■•■1 »j ■ ■• ^11 ^jIa ij'rt .Ml L *i villj (jiej < Je.Uu)l Jjkjj Jii jjJLIj ^jill JJjJI 

. LI I 


(235+ 1 ) - ( 139 + 94) = 3 i^^UI oL^-Jl^l jj*JI 
: JiiUuJI 3 Qn 1 *i!W5 JtLCil g3L Ji ^1 

92 U 235 + 0 n> -> 54 xe 139 + 38 Sr 94 + 3 

: ( %-YA ) Jli. 

$ rc 5 J^, 12.0038 I^itss Uc , 6 c 12 

: JaJl 

Lflli^ < ol<XH>aj 6 < 6 CtiAjLH^lj 6 <^lc 5 j j j laJ 

<L£ ixa^j 0.0988 *jjl l ^ LijL^jI , <Il£ iia^j 12.1026 

• ^ 

0.0988 x 931 Mev = 92 Mcv 

UJLH^l 93 1 3 JlUa »^jlSL< Ljjll iL&ll ..I Tt*i t_jl mi %IL <j| 

.1 a m u = 93 1 Me v , 14 ^ 


VTT 



$ Jaj fri ^« j 1» 1 QQ <Iilltt ^ <iLL> j^LSG (jlJI SjljaJI <a»jJ Aa>ji — N 

l\> ‘ 10 x 56 <IilL» OJLH^ k-kSk.LujJ.1 (fj La^A Jjia Ju^jl - Y 

? <3UJI • j*J fciKtl ijl^JI Ujj ^ 

S iljitl <li^ j4u jIjL L«< (jjii* 2 OSlii L<lk^LL«ilji jUu- Y 

: <jjVI O^lclilll Ja£| — i 


a - 

,H 3 -* 

,H 3 + ... 

.... 



b- 

,N 14 + 

-.He 4 -> 

4- 

8 o 17 + 

• 


c - 

4 Be 9 + 

2 He 4 -> 

6 c 12 + 

« 


d- 

25 Mil 55 

+ ,H 2 -> 

Fe 55 + 

26 rc T • 






: <LsVI obLtUill 


1 <iLIJI jIjLi L* 

A- 

1 H 1 + 

3 U 7 -> 

2 jHe 4 



B- 

jH 3 + 

|H 2 -» 

2 He 4 + 0 n l 








: <uVI J^i 

a- 

ioCu 64 

-» .i e ° + 



b- 

5 b 10 + 

-.He 4 -> 

* 

7 N 13 + 

•• 


c - 

Cd 105 

48 

+ ,e° -» 



d- 

Al 27 

13™ 

+ o nl ”* 

,2 Mg 27 + - 







12 


J^Li. ■*■* *~‘~ 

^lil oljjll JJC. dAjI . 

L* <Ja^J f jk 5jJ 

10 

^lc i jL» 



9 L^jj 30 ijl*ll >■!«*> *JI jac. ^jb IaIc < 2j^Ij 5^jl5 



Jclilll tiij 

1 W ' { *sh Li 6 

H 2 

JjjJjU JMJU 


3 L i 6 + jH 2 — » 2 2 He 4 


VYY 



. jJ I Li 6 H 2 ,j-* ^ ^ 1 i aIiAi ( ^2JI LljjL£IL Sjjill ja^jl 

9 ( UulU^U$100%^| ) 

I j] « Cxxhh? <-^1*235 jLLiiil j)-* UlLJI i.i m^ l — ^ 

j jl lr> i u*lV I j4 CuJLiifj » in t 4 jUuliVI ^jio£ll JJ.i t tl jli 

•£**— 

l|lN< — * ‘-^1 *> lij I U 238 ^^Slj^JI Sjj (j-* lilt 111 (jiJI till CllxMA JJX. — \ • 

s Pb ‘ 06 jtiitj j j i rfil 

l^blawkuAl gjljj (J-* <Sjl* fjjSlj>JI (J-* JaJjfJjakjL£ jjLoaJI !j* *Lu^ » IaJ 
(_gjl ^j238^tjL>fll j*JL t ^UJI J^LLglSj fv>flfll <x* !i! Umtl 

. fc** 10 x 4.5 

« < > i »| A hXjj j all f i » ■ £ji L. . OKA** J\ >* UJLH^ J>“ ” ' ' 

til iilkll i.im^lj S ^ouiaJI I JUt I jUL J^iil <jUoJI uLna^j 

KSj 1 .00759 = a^Jl US . 1 .00898 = uxAj^I ^ )• M>i ujlh^ 

-27 

10x1.66 = 3jjill <is£ll Sxaj « Ljj cL£ Sxa^o.OOOSSaJLH^H 

8 -19 

iii / ji» 10 x 3 — 10 x 1.6 — ^*i i & li I ^i-fciii 

• J*** 10x3.2 cr*235f^ i, Ji« *1* J 1 ^^ 1 w 

5 yi ^iljjj f I jt» jl.Li.aS I <aali tf Aj S J&Uu ji <auS 1I Sjjill * 


VT1 



j 

( Elementary Particles ) cj U u ^>i i 


: ^IjVl CiU^ut^ll jjjla -WY^ 

<ixjjl JLiXaj < *jUI ol^ /t a fjc. Lulj itiAiiiU ^jdJLJI JLaJIj ,t i *t (j-aj jl* 

: <La^UI a jjk ^ >\ ) < d)( .mW l j^il Jfel.All Jixull^ < ^LuaVI jt <Lu«LuiVl 

^.aJa i *> (j ij i. » Aa j jrf > f a l .aial I j i oi ajLaJI Ojjll ^ a j t U lljkjjJI cjl 

<**nujl Lfjjj < SjULI A ^UmIiiiVI 4jalll Quill *jj)l (jl j | l» La jUjui j| i Lj Uy ui 

^ lat a lf-j ilji oljLu Ti oU ^ I Lfjjj i ^ I - <Ll5 jji a 

j±c a L-k.1 Sjjll ilji Jju ‘ (jj ill Ij-A ^lLaa CiUUyS^VI cJIji > ijjil <££ 

fht£»L ii l| i^«j jiaaili o Uj^ ^-Mj ol^jJja (j«a ^iiSuS j^Ja jl < ^LmuL&U <ILU 

a in ‘ij dUj Sju aLjajUl a Laic Ijj j| t iJlLil liLfj yJk <LijJtll dti j5a ^4i • »tji,\ i» 
IjJI ol‘ii^jl*ll Qil.j^j i < ijj -all <Ll(jVI pi a j in II ajL-a> Q^l »i \ JJ i*~jj 

a JJI f jL ra*i <(jl nia ajJI tdlj(ja v jj CtljjjJa^lV IjoL^xy-^lllj olj><X>-jJI 

• * 1 * ja ‘“‘T **‘‘ * * '--I * j - ■■*»• ^ I ja ^(^i| > uJ» at^Lall 1 CiLumaII 

3JIIL1I »lL oy li i ^j£ 1I ji <LU oLa!L ^cVI j^aJL ol aj.m-^ll jaiu 
I Xk J£ (jjli ^LmVI LaJ (jU it'J ^jjaal ll^j < LL£ ^1 I ISlia 

(j> fk JL < MaJjVl ol aji ii^ll JaAftl La.i* I (jVI L^J ticj H ^jill < plaj ni'vll <ja JawJI 
i-i-aJI li+l Ijlj^laujj, ol^j^oil <ja <Ul£ lilaial If irt tj (jl 

<ju-iUI <Liill <jlluJI I aLaUJI J-a^j < a jit I v_ij£jll 4a|jV I ja^liaJI J)C 

O I Jja, ^ (•>■» ^ 1 LiljVl ol « J |«» T i l l L» oljjLHJfjJljoL>i^>jil tjl joxlu U 

La ^Jl JjIjiJI a<lA (jl Quarks tfijIjI^IL ^ ami oLauaaJI tiiii (jLu I j *ta (jjSLu < jJU^I 

ja jjS *u ‘ i/-L jajt‘tin*>inj • a jlaJLI < jitLfcl I ^iavLuVl <jji)l (jV I aj i * > a i (jl i^aa 


Vto 



, Iff 4 >-fcl <rttl C>L^)fjiull.j <U|jVl pi jjfia jjaj lj JifcUjiilll 


: SjaU Jitk4 (JUUmiI-Y/Y^ 

£jjl kill jjj • Lfil^j^a .1 jitablf Jj.il I Jj^.iy.a jLjjjV a 4|jiinj «L»I ^jSkj 

IjjXaI 1.4 it if dlj (jl&i • Ij (i^ <LAjA-^j (j *i mljJ Lfia flj^l ^UalSl i^^jiuil {jM A. III I 
SjAliiil Ci»a»»0 yiJ& v-OaoA* 'IJ4A* g^J Jflii < lU^-» y* 

43iVl yJj Lfi ■*■* “ ^jjJLIfl ( jj vJUJI 4jjl£WI (jti IjLLLcI < Joj-fLI OluIu 
y* UjSuJ Lfil U * 4 1 1 L«- A | < >j ij <_ijLaj #IjaJ XJU uMM Cuj| jJj . uaa^jll 

t ~A . !,■ j t-vt *. It I j I oVU 1 1 lJj^. IJ <JLu i ,l> inj *k itu lif tjJ « if! C>t«j 

<££ <ji ^1 Jmp^ 5 . Lfijljl «£jaJI JjA <Ua& yJc C i lfi i m I jU Sj4j£ Olia lf|j 


jl LS < i v»] SOP il.tiaj i‘n»»JLiill (‘ij jl <fl^ |*w* ioI CiUim a! I tiU y* |>ji ii^ 
jlji .1 >> cwl£ UJ < ol^jlllj LaLa_u*(j <Li}Lui ^“*- **■ Lf j£(j ^ ^ ■* jl yuiu 4 -jic 
!ji 3 Jk niLml <ial O j 1 "i £■ I Jlj] {^jAb.jl Cil^jj KIV I *jjk <*i> U (jl S jjl 3 


■ W-*# 

JaI>U La 1 ■•■jl 4 Ull pi ajuty jja Ixl I in ^iaJLuilj J iti t jj illij J> I # La. 

1 1 1 1 a ij jljjjl Ja^li r t_jJk,lll y* OLUj |^ic ^AitiV I tii 4ajA Li>< ol I < Ajjll 

La^JAJ J ) t i > Jj £AAJ «_«jLa 1|I dJLta yjfc p LL|J . I i n^J 1 . 1 I 1 A *y^ Lf-*l I Tin I LtA 

o Utj A^fV I Jj/Lij 1 AJi-i CiIia.im Ifoicj Lmj4j ijjfl <ti£ J£ U •>"> Slji Ci I j ij jJ 


■ ^gAAllflfallSL+kA 

jXk 1 jLa oLiutfl Lj i til 4jJI ._llu&Lujl ^VjIaa yM J nl) Jj j at I II I 

Slji y* <x.Lloiil ^UoILmiI ^. mha yAj < m iuJ I CtiiVt^f jjLi (£J5J Jj) CiI«Xa| ^yi 
3‘wvi it Ljja-c. (f jL*aJ 3 1 yj-» <‘i> iti < ajj-i i | If ijj <J j^JI ,ji ^jl mj . Sjjll 

■ LXJLH^jj lXMJD^ ily* ^ oii <iit » lL|j . yjji&ii] 



Sl^L jac. (jl f*Lj < Lujf£ jljil oljj JjUu 

• (^jjJI jaaili dlj jd I < <dLuJI o Ut^ VI jac. LL*j 

fLc, jjjLa. LuiLak ^jAll AAjJI ijC. Sjjil JJ-*JI v tot .1.^1 i.ij mil JJa 

iUaj V <j£J ^ < j d I <JiS L u JlI <J { gdl ^'nu ^ull djjjLij > l)(a t N^TT 

ajLtl (j* a j£ ta | la 4 ***** I j| j^j|ji!l (j| ujl^ >11 O^Jalj < 4 1> i ti *Ltl 

C>U M < I in‘i * <illa^» jl.ifi.lj Ciljjll <^j| ji AaIjjj < ")2« 10 X 2 (^1 (>a> 

<uJu^aJI (jjill I <i<rt’iVi < *LU <j-» a^Li ji oll*j^JL£ Sjj ^1 aljj yi 

. <kaU> l - > ' fc ~ l f ■ «* »J <jJ ijiaiU j<vJI (£j4j 

Jjxu xil^dU Subatomic Ljjll ■**■ **-** ^Lajoiidl oiij ^’ii J t >*JI LiLllIf I * * » 

Aa. i <j| Aa^J Ol iiilKI AM[j < 4 JUaVI £yt u l I £Jjaw 

i'i t)I ij » Ji ^iii I % . La... fcljAtf i ..* iiitl Ctl Jj . l^jall j \ .iVlcr>>‘JI 

. Jclilll U^j UL. ol^^i .^KLuy < (jjlP^l £*• Uilj AaJL j|i JiLuta 

e + + e‘ -> h*u 

« L* 5jj i l_^i {j* i^ijJLILj L*Lb /jM ti jAi UaL JcLijJI Iaa j ■>_» LL»(j 

< pail* production ^LuVI UIaju ^a. ^ um>*0 

<HUI jil£j IAaIj iVtjV 3 j \ until LjJaill < > id CiUj] ^Jkl Jj ->. ill I AA j tlajj 
L*L. ouJui <iUa Jit (jli m e 1 jl /*i t I <Jl£ Cul£ I jli . ULUIj 

: lt* crWU c^! <****• tr 4 dl ui-e 

|2m e J c 2 = 1 .02 Me V 

JSLudljji i j t .<*11 i^jjj . <t,laall ojl >"JI galaa ^ — • UUj JAu a 

^J;5J ^Iiub l < 4 * JL^< ■ < ■ <Lijc jji ( ^ “ ^ ) 

. ua^jil J I jl ma (jiXf jjj lijaia Syij^ill <alLuJI o Uji i^iVI jLuia 


VYV 




-I- 



: ( neutrino ) u 
oijjJI B - decay ^bll oLuJjj {j* 

■ lj «‘i i iu iijL Sl^jJI (j •» !*>_>» oLi^uaJ tilLII ■ ^j| L^yLi jli < <jo m>U 

< <2Ua)Ij <££)! . iU** » jjju l| iti^ jrti'il Sljlil > 4 1 Al oifcj 

(jSLJj . Ifl* jjj (jg\ ( jl*. Qi.‘i_>lj < • oliULu tLu Cil «j< ii ^T < > a. Iju^jLt 

Lj^j ^ j jjfci i yiLJIj <'i~> .Ml #(xj ^*1 »j Li ijic. U>1 oj 

jj— 5 (^1 ,jic <'i (ji <J » *i « «** ' !* » <il i * i<* < Vi-t m i 


VXA 


( jLt ( 5 UU|j . Llila Sljill J)A dukAllI ^yjtAjk yj£j dixau < <_JilldJI 

• D ,>*jll ^***1 f J i<i ->M IdA 

< >-kl . <^j l * >ji < B + qU jj Ju\»JI £ j ( « 11 1 u^l mj jLji^aJI (j I LJLok JuLLaJJj 

anti rtftntrinn tj.i .A .... 1 •■■7- B o Ui y ^JV I At ■ «*» t 

oUji^UI ^Ui I t f jl* jlk* Jo^lj <XjAAyt t ji <AaAAJI ■**■! ■■ ^.11 * j Jk V>jM 

<^Ajj« ji o>Jllj 0.511 MeV < j ^ jjJSUV I o U^l--->-ll I »jx Leptons 

<v^ 1l^i»^....4207<l» »MI ,l?kiy I La lu 

V] « «LaJJI IdA. oIxa^j ^j>JLIj ■ 105.7 MeV 

. I jljll ol j j jji jyi (J^.G V l^il 

j^J k_bLJL <ojIx!jVI <^j£il ouLVl ^loL^al jl t oLjjI I (j-* .ujaJI gZu 

J>lL guiijjjj^jAill JaJ-JI (3 1 L*£ • <L^£ Ok-Ju’l dll jl J 1 " 1 1 ) ( _ r ^i < (_^AjVl 

• JS j ji liJau dilj)j (ji ** ‘ * *11 frill Jcliill 

: ( Cosmic rays ) 3 *j£ 11 JU^I-i/rfr 
lift 1 Ijnijjjl .ui*! al I ^liitVlj j iiliVl ji 1 m>V 
{f fr* ^1 * 1 t il Ay^j J^lill 4-Lilj . oLtLuil lil jje, Vjx. Cul£ 
(>/ Jc CiLwiljjjl (j-* JoJjJI . ^^jLaJI j-aJI <_LjVl qU m coj jjL*« 

Vjl (jatilyn jl frjj ^iy I u^- 1**1 “‘I I ^>^>11 ^IjuiVI j 1*1 ,j1 ■Xa*j S^kUJI * jjk 
j’l fr ill 1 . li UjXUM (ji yjj jLil lu ixiiiVl <1 jljjA dllj JJU ^kj < (jijVl (jfc 

• 3jLuVL dllj(j < ^atjLLJI 

1 1 jjLu < <^fr-fc itii oLa**^ jjlc ^t ~i~fc*i Ifil Xa^j <JuiVl « jjk 

^jll iciiVl jl jl 1 yl| m 1^1 ii^SII i< ,r.Vl (jSui ^4j . •^"•jk****** oVl v 1 1 J>ij 
LlVI 3 a4j£II li i t»V 1 julj ijj^i^lL jfi « <li *h Lll ijiitfc ji jVl qL ii ^Jl Ji ^’i 
tju ^j^frill Jtl ill! jt cixVi <^)jli Ou«l ULt I 4 jIaII ij^il <ja 
U^c, lyitiaM IJ 4 I (f frli^li L* LJIxj< (^frAll * I t^Jl L^a»fr >i-M< <^»> > LtildljVI <LcauV) 

. m>-i> 4 oLjj] dllj^J Ulb <iUa I 4 J CiU> 4frj i 

Ijjj^ jSIjj jimMI tlaAl iji IjjjIj ^jII < Xa^j^II i * i »V I iiu (jl ^a jlljj 


VT^ 



ctiiL^VI ^^4^ ^ * ■ " * < 1 1 1 tiV 1 4 jji » jjl VI < Sun spots ^im< ■ »H ^ajJI 

. jimVI (j* Jaii »L*aa 1 I £ja jjiiil tfiU J^jj L44 t 4 thVu 

1 y^ UJ I * L^ill yk <? n.ii’iVl t JJk ^jJLc. < jiJI ^Jud^all wjt'v ill C>~a skj 

OJL^jJ IQ 21 liL^I {LhS^lil IjA, «L 1 (jJI miall Cilj jdtrffck Lfilj 

yk^ Lf nJI Jirti ,jl 3 4^ iAII O^LajlU {ja j^uli <jlia * . ( 10 21 6 V )Ja|ji 
<j«w oi^li- 4 old j-ljli ^IdAJUJiL wjIaIII *OA SjIx . oVI 

>fiili^ljlVl jLaitj jl ^ taUI jaJI olixL (^jl 

oljj <L^j£]l o jmV I C1L44M1A ^jl ><vi l^.v.ffcl (jjSu d-i jjill <j«tlll cOl-cLLilf fjA ju 

t_>|-4~Unll 



D»i>i'toTi Sr Kent 1 


Br-.sf-ol U^; V<LKii tj > 13 50 



-r> >illj *i i »itl iji 5j j il^i ijUcbVl i u ^ <ai| Y — y\ ^ 

^Lc. JjXuijJ Ma.allVJ Cjj&j ojiiljvL Jail I JJI Jam 443 . fjLolil <a*xii klljA. (_£«ii I (_c 4 » lll 

jJk <x4j£ll OuiVl fjUJI ^jljojVI ^xjuiali jjl j^Ja < jllmViVI M ^tTi JJ~- ~‘.U N ^0 » 
Sj \ .-*«* i»j ■ ( 1 GeV — 10 9 eV ) 15GcV miaj *rU»jj i I Lite 

. niCSOnS ot^jjx* jj^Ja SjjJu-a o^Li I I 

: ( Baryons and Mesons ) ciUj^tj CiUj^yi _o/n 

IfJUxa^ < Ci Ujj lullIj Jx» oLaxu*aJI <£^y*y • oL^tjUII ^xul J ^ L U i 

a jji JllL* l 939 MeV ^j Luu ( jSil <lgj 4 Ki*i cilxxwka 

Ijl \ . JjXuail ^jm.Ttll 43^3^ VI jl (jlaTi V oUjlxiiil Jxx oL^JjLJI . <Jj£il 
<j^3 t_illl jil ^xwial I <ti£ fjuij <1 Jj»t*Ailj • Laljjl IxjIj Lj i.m>L(3 

• ^uwiaJI * »**■ ■ Ci^bu ^‘it mi <la.Mll ji <xa cttlaj 

y U Jax*(j If llliSj Ci Ujj xl I (j-* O I43J j I jJ I J Cil^yiijlll Jaj CilxxMtaJI jjx £il(jll £jlll 
t£ I • <1 JjJxa j 34-la i n ,'j 0 a J >ixi <1 jflaj <jl jjj^xxll . C^ljVl (I1JA3III 

, Ci tplull I <lla ^ IS * UL L ‘i »jlS l| V ol^jjxll JJc jjl 
omIKI ^jll < fi - meson ^x* ( j <}xt u> ^j^UaV I ojl>x* ^-*i o^t 

<*1 kjI xTi ^jl\ Cj K ill i^Jj Jau ^oll ijXjuai ^3 i 4>?v3 jli\ jjl j \\X 0 ^Ic. 

(JiLkll JLaJLI I AJk ciaLa|3 — l^^j^xll JLaJLL ^ • no 3jJi JLaxj <J3 jVI I f iA a t 
^iiutnl iaa (Jl^aJLI u* tjG j t fli ■>«* ^jlll M j i_K 1 1 4 xmj < CiL j <*> x» 

1^1 1 « /»! IjL^jj ^jajJLiI Oj hill a xi {JmLmI . <33 ~> i i * i t I q( » t m al l >43^311 

V ji «( i a i t Jx-aJ JI C^jS 1 uAi^buJLH^V^ dx^ i£-} Uaay < olij[>xx 

. V I jjic. 4 i%ili J 

<*_l^U I j J JiLa fjjk LLaa jxx jjjxx 4 »a, « f *w> wJ-ti dl j JL ajJjiaJ 



<ili5kj JLaJ.1 * j L u_* * (k-k'tl ^juloS ^jjia jc 4**>l*>^ Cimji JJlj . Ck^jl^JI 

j±k <j|j < J4>i uJLH^) u>fL» 140<iti^ li* J>J® uf*^l 

yj JiaJj <j’l3 . JLulIi JU^J-*2 • 15 (^U®* LaiLifc j] JaI cf ltj)l *>4X. j inn • 

: Jclilll Imj qi>m’i» jVi £-* •>»*• *4^ 

|i ± -> e* + u + \) 

4M &JV 1 JUc < J^.a> •■AVI CtLfi JUc. \) * V) jt fJa 

K < j *') -*-• I.N o * T* — . e* oi l nJ l jl oa»>U 

• t.iI Vtm ll ,jk OjfJi 




<ili5kj JLaJ.1 * j L u_* * (k-k'tl ^juloS ^jjia jc 4**>l*>^ Cimji JJlj . Ck^jl^JI 

j±k <j|j < J4>i uJLH^) u>fL» 140<iti^ li* J>J® uf*^l 

yj JiaJj <j’l3 . JLulIi JU^J-*2 • 15 (^U®* LaiLifc j] JaI cf ltj)l *>4X. j inn • 

: Jclilll Imj qi>m’i» jVi £-* •>»*• *4^ 

|i ± -> e* + u + \) 

4M &JV 1 JUc < J^.a> •■AVI CtLfi JUc. \) * V) jt fJa 

K < j *') -*-• I.N o * T* — . e* oi l nJ l jl oa»>U 

• t.iI Vtm ll ,jk OjfJi 




/i > LmiTSI jjl < oLiLkJLaJLI yM ^ajJL L_ijJU L» j^ Ja i % jV> (jl£ 

c>i**t <^>*>*1 i,Jki.JJ ijl ^ *J I J^Juil . k ~ meson . t*^ u ^jVI ^ >mu __^i 
<J jjC nil US jjl I JJk CujIjJ^j . LftJ] Cit Aa>»-moU» 4 t M <a-i £ui a m 

Jjt.ii* »J»VI ^Ua* 165 MeV jt ( ‘<tv j£jy I <li£ Sj«* 330 IxjjJlJ 

7C + -» |i + + \) : Sjj-JI ^ <J 

tjjj-J-s J -fc « ■< •*_ » H t -fc t < ^»_ i £jii <il (j\ 

. ( t - <> £juj ojj^IJ 

: Sjjj-aJI J^l-fc4iJ>VI {jj& ± uJLuJI £jill 1 >* ft tjjui^ I 
ft’ -» |l' + "0* 

. jLj^jaj \) oJLju . »*^ ( 'n'yfa * £>■/>> llA * 

^ * *■“ • \^u3j^ olj^ill ijclij i>* JaaII yi (^L oUjjj-* £&! ,j £*1 jJ^j 

: 4UjVlo5U.liIil lifj filial I <JU jl cOL^n 1 1 

1 - P + P -» ft + + ,D 2 

i ojlh^J cfLi ajL>f* £-» 5 %) 

2 - P + hu -> n + + 0 n‘ 

3- 0 n‘ + h u -» ft' + P 
4 - P + h\) -> ft 0 + P 

71° < >* hiaJI JjLull <3 JUfO JfcliSil ,ji 

. < 4 jVI ol *j i <>% l I (jaju Vjdak Ia* 4 j * oU «*u ll J>4 jjoaJI dlj 


vrr 



( '-n ) dj* 


jaj 

C-il 

U2Q 

<£LJI <t&JI 


^wuul 

■u-a; y 

1 

— 

0 

0 

7 

UHi^ll 






CiUpjJ 

. - . |» + 
OUV-LH c 

1 

2 

-e 

0.511 Mev 

e' 

al^ll 

>UJ4j£J did** V) 

1 

2 

0 

0 

\) 


n 

1 

2 

+ e 

105.65 MeV 

n* 


n' 

0 

+ e 

139.57 MeV 

7C + 

oUjj^a 

4 tail 71 

0 

0 

134.96 MeV 

71° 

aUjjjjL 

it P 

1 

2 

+ e 

938.28 MeV 

P 


OHW 






.t _i id n 

1 

2 

0 

939.57 MeV 

n 

ojih*H 

luA^ 1 







: (Conservation Laws ) 

i » m-v 300 O- 4 c**l* » * dLj I u.tik ?i iiil^tl Cil >j in'kll JJc jljjl dll 

(j^» j iit & 1 1 ,U * 1 1 IjUl > Lua! < llmaljj |>Um »1 al>ll (j| Luuait^L^j 

Li^ULil jj ctljjJI « in i n iI i, > intlU ibiA jl ji i« L*£. < ctLixutAll 

cdl j (jli <UVju j-koliaJI (C it dll Qj JaII Jib ^*1 ^ - ^1 1 1 ‘‘~j\j <4_uL^_t£ji 

, Jclilll J}ti jilVi V LkiUkuSilcUllI jl^ll Ciljj jjV IjJii < Ij^i I t; > 
La LajI j ^lll < <^VI oL*xuiaJI ijjjj cdLUull Luailli « * fc *- j j^VI 











J£ lyk ijjjSU J>aa ttiOau jt < jstH I ^fla-y IfJxaJ ^ il -a u 

<aaL* j)C «l*i*JI |jj i i/milll LiwLiu] cr^J * J*t*i*M JiUL <j»i dlj 
iNa JI jj] jil ^iJULjj . Jclilll JAjj (JjS LajIj OjIj * O^Liliill ^u> djlitil I 

» UL qulji (j-fj « * Li_J I qUlji t.uLiVi * -k l 1 olj »^ll { jM Lt j w u (jl£ 

. <’i^ <*ll #UL di j$j ijjl jl 1 4£^aJI <x*£j <Lu$j ( <££11 j| ) <SLLJI 

t-> U ^Lfr. I <UduLduVl J^jli ~kll ijIa I -ftjA-lj (jl t_jA^ till j j^JI Jtrtl 

.Mlj <Kj.Jl 2 «l LH „ IS. J -.l^...-^ll ^ • -~* ~ ~ — N 

vJLUl <Sja (jl ^| . L}jlj>)l <£^kll <ia£ e UL pi >j< h-^II ^_i >% — T 

cUi^jj^iJI Lit s = — tfjLuij L^y (_« . SLa&^j 

. I &Aj tfjkua OJ Ifl oLjl>J^Ij S = 1 (£)Luu 
jt Jjjj jl ifa« t| "ili^j < S — — wil Lfl ^1 ol«j . «i>l I JJjC U^j i~k » (jj£j ~ ^ 

• oLjjjLi (j -^2 (^l (j^omjl^I 

(j I . Iji«^ ^jLfc*u ji i 1 (£jLmu i baryon number ^jjjL jjc. <jjjjL J£(j 
L epton ~> i j 11 1 jx«JI d ‘ ■ ■■"■li. JLJI ^UJtfyj ^ * uj-*± 

. Laj| jfi number 

*j *■-*♦ < <i!L»^i ^rtiii jj <i£Jj < *^*21 J£ ^ Liu 4 ^jL*u jLA* ^x*uiy J£1 ~ £ 

• *^Aj e+ >* e ujo^V 1 

. (jiLlili LiJoCi (jAJull L| i^ij i Jj |j.J I m-^I I 

IjXi I Ijlf (j jU IJ3 id Ijj4j »L^>*kV S = — Iwiill Cil J oLiJ^uaJI J£ — 0 

Pauli exclusion principle . aUulutiU ^L 

; ul i Vlol« jM . > )lcg-* <? ^ * oIoa^ ^-ijl C *« i^ j ,j I ^ >,**“ O* 



Lepton number and I - f Baryon number aa«JI - N 

strangeness 4 J jill - i Iso spin jj lull uilll - X 

^jlc. J-uJI »LL J|.< Jl j-* 

jjU'Jl v_iill jl al >Lli jjLc . I dial jjhtll waXI I »IL jpli j£Jj • ^ jm^ll ^ilJI 

jj brill (will I Cil j Vil CT^il I (jl (jjjlill (j**^J < CjLj^ j a L 4 J 4|i^l * <u^ 

4 j » LL jjili L» la. (jJj alia 4 1 »tijj . IXjIj JJaj (JcLiuJI 4^jliUI pi • j » <t -^1 1 
jjhtll 1 4 Ul 4i. - ^l 4 Jjl <j& 1 j It Vi 4j£|j ill >11 jUul 4^tjJI £ljA i jk 4jjljll <£j^JI 

strong forces 4 ^ ( ^i^^<L^^»LJAll 4 j^< (jrf iiL J ^lji (ir i ( jjli 

. strong interactions juXjjiJI ^uxJI o^ULilll 

jj-Lc Lfij 'iij oL<jj-Jtlj ol^jt-dl Hadrons ol^jjaLfJI ^-ul tjLbj 
strangeness number 3J jill aax. ^ aac jjjaU . 4^ji (^jL okuulf lj .A*i 
^jk Il£ ^ijj 4jIjaJI aac. jl jua^j 145 . ^^jljjlllj < ^jajUII aa*il 4 .jk>\ 1 L JUJI jt L*£ 

. w 

. JcUaJS 

jjJojJI waJJ I #UL jijili lie L* 4 jibe I | * J * ^ »Llj)l ^juljl jl 4 tl^Nl > ■ 

. I j m j ji Cm« 4 .j(j J»2i cQUIi*JI ja*J ^jk 4 ifcj*fc ia l+ii < 4_ujjJi2 ^fk • "Uljiljj 

juA S j^lll i 4 tjt.iAll c£(aelilll fjk Jla£ dua|)l|j 4 ll Ci^UUill ji 

<*ifc Ltai ^j ^ui iltliS tjy jj jj lUt . 4i i»«All 4 ^«t ill fr ill ll '<IUui.iV>l‘i*« l u£)l {/frill 

. 4ij« iJtt (jji jt l JL*u I ji> >ii < <-jji </ji 

ol 4 j iii ^ II i iji iii*i jjJj Jiai i j.<jJI XilLui »LjljII jjj lj_*J IjIUmIj 

< (Jclj-JI iji jj*. ii ol*j< . 1 -JI jl jt'n i u^jm < juil JXw ^Jc jl Cilej«ii < 

4J^jJLaJLI oLj^II *14 jLu JaJl* < IajIj jjbj l_*1j <Llji j* lAjx*j L* jj « tj V 
*XfJ i-ij.t ■hi I v ij‘uA~iH jLi dll j ijIaj • (JaLLXil jc gVLi (jil I *JjXaJI ■-•! - j - 



Jl£ Lf(j jjjJIj <UUI (juiii Lfl < I4, Ai , util jjJLc. itlnii oLuuuiaJ I 

ljrU.jj . ^ k*«* *■ JjjJjll • ml I Jllj jiliill vJJJIj <LljjJI Ji£ jjiiijj . LjlidU 
^joaJl N\*V\ ^lx (jLu^j jL»L» ^jll ^iLull 1 — ^^JSLuJl 

( 0 — X^)J&1N J**jj , ol ■* j l*4j OH l.»-* <_ A^ S 

. jjlttill willlj Ol^iJI JJxI lifj 1 1 rf>j| otuuA tjiiif. |^t jj j£jj <fj •!% > 



(t-X\)j!Li 



7 • •? 

I iO'r j^UlJuli 




VTV 







I « S jj ^oJI a J-fj oUjj-fllj oUjjjUI ^.u k_ujjj <JL_Jal 1 a *jj 

^ Jx J L*_ii I jjJj jj itij Lau i utujull ji Sjt Li I |jA» i ji jJi 

Jj>4 !T2 ^.n-urJI }!■*■* Aw Jail I UIj dSj . J^J_ail jjJl dJU (jl£ll ld(J jJolill 

(jia! <1 JJ-aJL I ^-ijll A-'U jjIjjjLiJI i^uljalf I j-» £-ilj '» adJU 1 jIt <il iM^I 

iJSLuJl l/' }JJ ' ^ ^ i ^Le. <_iLtu^l nil I jjk jixa JlJj < < iaU «< ra ‘ ^jllll 

. ^liill <i>JI ^ a jLJL Llxuj ( A - V\ ) 



: ( Quarks ) d —V j t ^ 

Li I ^jb J^ll I V Ol bk|jV I oIauuaJI ^>C. 6 j^J (J^oi La ^ ^X^ll ^ifr 
<1x111 a jjk c_iLxLl^Vj . SjULI *■ lij <xxuLmjI <iil ~ i*i a v I^JV I Ijlc 1 * » * — 1 |*»* 
a I jVj <IIjj^ OjAj» (J j >U| (JlHU^II Ojlill ^jlaLllI £yk JLtJjJI LJL^ <xxuLuuV I 
L^-ajl i <*>~t v Jxi < tl.ll <illa oU waj-ill (af JaJU < <JjLfc Ci^l v» * jj oUj ljj ^ll J^- dll j 
£>Jxa. di 1 I *> l*i ^jLj <la-^lll add ^xa, ^j_aJI »■ V • 1 f .Xmy lj ■*! « * LajLtAj 


yta 


ji (■ LaLJI <jx jjl {jjk ^xj)L I jjk . ojfla jj ^ih « yii] 

Ifx. I jaIa Ci U mi -iJ I fj\ 6jlju Cil a_um-v)I Ij ol^j^all ^flAljll k_u£juili 

< quarks d")(j£ < 4 i. mLu<i cillil (jx £,( 3^1 iCWi £y* Lm«Lu*i 
j ( down Crtj ) j ( up Jji ) Ciljj u~ilb (j A * J 1 >A«u <jt *la» Ixjj^* 

>* ci LJJ I 6 1 a JfJ »— il jji (_>-qj1aIj . u , d , s L|j1] j* jf ( Sti'ange ouj* ) 

jt i 1/3 <1 a. L41 (jx jfJ 1 ^-t lx 4 ‘~- -“H ■ t - — 

( T — Y^ .<1 >u>Li A ^uuahtdjl^ J£I <cil ajih -^11 JSU La£j . i 2/3 

• dj(j£ll tii Cl 1 i I <1 

JSLuJb j * — 14 US iCiI^ja^IjCiI^j^jjJI oxS j4 ( j *Sj ^LaU. ^1«xa tjl\ I jl TumIj 



ujjJS^S? ( V - T ')J^ ujl^uJIujC? 


djlj&ll dLUll 0 aJ dill < djlj&ll Aj*Of ^1>L2 JSLiu Lixx jiVIll ^jaJ IjJ^j 
I | ^*j" juSJ I 4 J ■*-!*» (jx <jjlx jUX (£>S Aj-^i U6mi Lajj < I JjJbx jfc f Ull ^llnl >m_i V 
tjjjJI JxJxJI ^jill 1.1* ^Aiajj • Lf^jjA ^1 a_i Lax CjI.aj m-dl <jAlj jxl.n 

a LaIaJI jx^j ^SJI K. •.!<.. c&{& <_u»ll sxLxxVj . " colour forces " <i>lll 

. ^ j) V(^ uAAVI t »uVl <4)1111 (3(j>lVl LAjaxj 4 (jJe- djlj£ll 


vn 



( t-n ) 


urn jjc 

isospin 


<U 

spin 

i-K 

mass 

charge 

*>j 

symbol 

dljlj^l 

Quark 

+ 1/2 

0 

1/2 

336MeV 

+ 2/3 

u 

up 

- 1/2 

0 

1/2 

338Mev 

-1/3 

d 

down c*»j liijljS 

0 

-1 

1/2 

540 MeV 

-1/3 

S 

strange^ JJjS 

-1/2 

0 

1/2 

336MeV 

-2/3 

u 

iiljIjS jL»a-ui 

+ 1/2 

0 

1/2 

338Mev 

+ 1/3 

d 

Clfti JjIjS JJiM 

0 

+ 1 

1/2 

540 MeV 

+ 1/3 

s' 

. tijj. clj ! jS jj -u« 


(jj^ < ^/tll (j(j6U <1 uaj oa"> V djIjSJI jjll I oU>UI * jjk <ji jjjk jj(j 
< O l a jUM.a»ll daJj CiU^Uil *.iA Lob fjJLMj . * jLall tjj^a pi t.-o ola^LJ I * jjl 

« ^IjlVl <1 ^ LtL (j4 ^i^ jj u4-* i Lfl ^‘iwl V ol«j hi ^ 11 a*^ ^il il 

^ uhjl>^^ * jjjb Lfibll ukjih^ c£>^; ^li-aJ 

(jji £aaja LaJia • l^jtl ^1 dJ.tSLJI (ju tjlo-a-11 pc. ^till »litl ytnia alalall 

<^jill t£>U I til JLhu JiLw iiliib » lixAtl ^1 bjj |,lSll yl| OjjLaJI 

tji » (. al til ^ 4 mjj ^ j ‘“jk** ^ j niLuiVl ^^ ill oVl ~ *■ jj * ■ 

. Quantum chromodynamics L-.SL1I j^l o>ill <£jil ijLOaJI 

L«^i JjIjSJI JjLi if V . it i j < <luij C& u>Ul Aj-^j j 1 ‘i *~u 

^J| JLtiiyi Ijjl 4 ut gluon (jji&JI ^oail <jL ^ Lira I (jM^t ^ ■ .. ^-1 L | m 

• villi Jicl liA <l1*aII Ckil£ (j|_j 1 I*ia cjO JjLli 

iJjlj^JI LS^lj jAV (j-« <JlLiil Jac Oua *iiAj (jjl <J /n la> JjOaJI nielli 

. (jjll <laL* Sjj jjoLJli . ^i» 1j ^ I Jo VI 

il)-» ol^LUl £* a LaiaJI CiLj^lii i ykL (^b 


VI. 
















<1 chiumcd J jam | u , d , s j <4x>aJLI jjt «Jjlj£ 

. 1 500 Me V <iti5»j 2/3 ■ " <aLc. 0 

fj&f ) ^-ui! 4 jlr. jILlj < ^uaLLJI JjIjUI j « J^»*j dll j 1 » ■■ *•* "** 

J^ja dllj Jju d(pJI . Ck^Jktl <"> FKI Ijlai ( bOttOITl 

jji N ^ A i ^.Lc 1 _> I «r ji V.ll jJij (top Sj^ ) jXui jujlui dljljlS 

• I ) I llj I HI t (jy ll.U 

<^lj <1 (jjJu jl d)j(j5L)l jl L«Sk i IfJ CiljUliA <2^ttjd)jlj£ 4 jujj 

• LjMSl^^lwiJ^djIjSill^jJSkll Jd*JI yi «lll dl t jkua^tj j*aaJ 

{ jk Li I < S jULI f ‘i >lj jjil I 3 i i uLuiV I oLtill qx. l‘A (j>* <jVI LJ *■ 

<jjiVl <J^ld CjU m< v » lit ii’i'KI 1 oljdll <JaJd Jye. lit i tX dildl LiSjjJo 

<LLfj liln^j Jjl ? dllj J-JU I jL» jL « Ciljj^j^illjoljjl^^-iJi d)jl>£ lidLa^j^ki 

? ^LVl Jiiiuu ji iiJall ■ ^JjJI jjl fkl t «_tUttJll 

, LjLUI JLk»Vl <tyu«ui Ljd f jjk 





S {jf. ^n^ ulll s»j^t . /i«3y >JI juju^ «. il>^ .> IjLa — N 

: » LiuJI Cjyl j* (j-» U 3**~_‘ ^ <jjVI o^Lc.lilll ^ I — T 

ji' + n -» ji' + ji° + ji° 

e + d -> Jl' + 7t° 

$ #U yi Uujfi 9 (l^JUJUA Sjj ^ Jjljill jj<. - V 
^ <1>a> Ju i j j ^3 IjU U JjIjS JjJu-qj d (Jjlj£ l>* fi* “?* ~ ^ 

P 1^3 

: luVI caUlttll J-£i - o 

n + hu -» jc’ + 

|i + -> e + + v + 

7l + -> + \) 

7t‘ -» |l' + 

P -> n + + a) 

i ( tutL^^OOO^xA ^iH i (i t-> Lut4 JLa^j> yj.f^A j !■*•**■* >loi > < i rf*t da^tl — *\ 

. 4 M e V <3£>* <ilU <j1 fit I jl 
( 1 — 10 ) 


VIY 



c&yui t 

( Solid State Electronics) 3JUJI 

: Ajjlalll — > fT* 

Jj 6 > J jlj_4 : ^1 01*1 <!bCl jjJj j-J J-|SJ I LfL_i-OJJ <*|J -» jUUr-is 

-8 8 

10 J 10 CM jljll 6 j-* < <<IjLc <Uui jl>u < 

<!*£>■* jui Sja ol4j>iUI 4>^v> ^>4^11 J^i^ill <j-uoIa. j. <>: > , ji» ^ji 

juLlI Ci L uja Jl. < LaLaj aIajI (gi Ciljjll 64 1 a ijU (_|j -^~>~i {j| I4J < Sjlll Ci I jli 

. « Lj » 1J I £ Iji (jj <lljl£kC cl_).>"i."(j <Lutu ^ jll jxaJ I SLaj 

^jLuij <11 j 6jli J^La. <£j-aJ I 6 J4J ^ jVi (jjjlilj (jl <a.ljj <LhAA_«i clij (jicj 

SjLU Jilj Cl 1>~I| Mill <^ljl I llj.L'Tfc ^ Jc ^ojlaj < Ij^o 

JLsJI Ci U t M^JV I LtmilCii J1 % o ^ 6 jLII Ci« 'i~>J I j] Lol 

^JJ UL^VL 1 JLaJLI A Lai I t jA <jjklj| <£j^ Ci Uj^&JVI d j "h "1 ~i cilc|j « j!&ll 

jLu j t y j jA SjUl Jiklj i i^itill <Sklj| uxu Hjj \ — V • )^}5 LuJU(LM>* La£ < 4jj)jjJujJI 


■ v**** I jfb ' 



O-XO 

6 1a <jj ^ «_^>j 'jic. (j '\ « 1 4 " > ^ S jLJl , -K*-h> 


vir 


iL&ljVI L^iu mobility Lij*b « 42 £j^JI oL m u £Jy I 

• J 1 ^* 

jl — ~‘l*^ ■* H LkJJC JJ-4 Jjoll I < «k..ull O^LaLk <J&£ ^jic. 1 1 Aj I ^jli^jJLl 

Ljj t »*^ * -^ I <i‘»«- ■ *!! O^LaLk <il£ > >r.V U . SjUl <ja iSi\} 5j»JI qUijj^IVI 

^ *jj JS> f | ,>L£1 jl Ij-a- l4j>2alj oljiill ijh 1 «» i * « (£>^l (jJ| 5 jL* (j-k 
jljll ol ljj JSJl <Ll LijjJC V LuLi < ^j^JI Jj r l jk SjUI 

jjjGI <jU*unjlj 1 |i4 cHj^ll ^jli‘iin*i V < LfjljJi iiUik oUxh^IVI ^ik.'ik i <Jj l*J I 

. Lj > 4 ^ <1 jU. SjULI jlu (^i (f y tMi V dUolj « (j-1^4^11 JIaJLI 

ajlj ■‘‘II CiLajJ ji ij. *k Ci (■>•»> i* <i J_a^i V < 4l .i^jJLI jljJU ji JliJ^j 
< ijlj^JI Jjc. aOilj <Lln\jua ajll.1 ^ j|lV> LaXu < .U ^ Jjt*. jfi < » A» -i> U I 

k ittiA kT (£jLwti I < (JjIjaJ I gjjQall <SUa <Jauu.l jj o Ua^ SJVI {jAi u j 4 j*kll 4 \ ni 
Ojj-aj Ju4j S Cul (j^l (j* Lai . <_iLLkll ijlj_aJI 4-a.jJ T < <j La jlJjj Cuti 
. JjL.kJI lii ^pJc Band Theory ^jlaLLI ii^ki oLi ju ^ 4 >. « ij ‘■-^‘H 

otjj>... a 4j j JSJ jl i <LiollaJI a jjll jAjf JT *L>ai 4j-*i tli^aki I jLa > a m "it 

(jol>A*>«l £ua Ijiii Jr.r, (j| j^aj ^itl o U^j iayi t| jJc. J^ljL < a* t-w . Qj t Jifll <*LL 

. <tfUeJI ja lj«l£kU IjO* ^Luij jl 

<Ltl j jjj£ll Ijj Lji 1 1 <<ran> j* oljjH cijlii iiij* 3.>l.iJI jljll <JLfc Lai 

«J**i A.^jTi < » J 0*1 . 4 CiLp*t ma ^l| ijjJI Iji IxakjUJI <liLLll ■“‘Ijj* ■■■ *■ ^ 1 ( 1 1 *»j » 

kiilolj . 4 jl~L I jJ I oljjl ml I l^ii* K jjLIj V I a IJJ < SjjLakJlII oljjll ££■* |^ll JLaJll 
LjAXt yJj < <ii llrJ I jj\ji ij j ajjik.* oil^ ^1 La>jlaJI UUJI O Ijjlni a Jjaii 

(JiUrGi 043 . Ljlilil <ilkll o Ljjl.ua 4 (J 4 Ioa JJ tS JJc ^Jk Lfla (])dLU ^j^Ll I (ja 

• ‘f 1 1 SjLaJI <jj jJI ^a.LU ll^j ^LLlu V JUO < jlaLil aj* ja*j 

I. 1 J ^ <L^jLI jljJLI ^ oljliil ,j* ijiitAi l..a^ CiUoJI jltlla jLlul ^1L* yjk 



jljjjjjl ^ tj oUxh^JVI ULL jl ^ t* , 4 1 m ~*i 4 4_iLI&]l ^jjSu < * Lj | ^ 11 

(^jLi ^J . +£ JLa-iu j^SLlil . tdJ j 1- 1 -»iat ^ < > j^La. A_aJ J>LL 

• jLu n v » l| if 1 itm I j| o U^ VI ■ ■•■■'!^* 

ixi-^ energy gaps <JUa ol^Ju 1 Cx}&i jt-aLil ^juc. <JLa ^jk Lai 

L-aj^JJ (jjiaLlL ol jjJUl 4«LA ^ a .ihHj Lfj .LaJjjJI ^ j I** ■ “j V < t \ jj *^IV I ^Jc ^ * J * 

Lfi iilkll ol)j~i ... a (jM LfcUajjl , Forbidden energy bands 

< bjxjui jji (]n t SSJV 1 ^jlnliio V , i | -a ,>Laj Laj^JLI j lil it I *1 a ^i iiM ijfc* 

Jail UjA^) < ^ | *J* j * * J * 4j > M I <il_L» ( jlc. Jj jj j| iu Lilia ~ ^ I IjJ VI 

La UUj . jLlII «■ Lj < ilata cJja-Ij Jjl Li“i un 

JJoj dUj ^^icj L> ) yxc j^lilVI >wj V i 4j ja& <JjL*JI jf^II (ji ijJLaJI ‘Lilia f ‘ t 
valence v yil£JI 4 >U‘ia ijlc. jjlLjj jLj iLi < jil£lil 4ilii a ^yi I jjJLs 
I a ^ . 1 1 ^ 1 1 jijj oL % >H^jy L L*L*j i^^La^ ^ *1 1*11 4 *i~* * ( jJ«. band 

t ,yil£J 1 <iln‘ia Lilia iili'i a ^lc.| ^^ie. Conduction band J.ua^j£il ^iln’ia ^idul JjJIoj 
( jifc " l Vi Lalb^^fitdJalji Jxa^lJI 4 j l a rj ol^XH^V I l| 

oljjil oljILil iiC iillaJ I O Lj 4 1 > n a ^>1 mill ^ Y — T • ^iSLuJl ^U^^jilui <iUa CiL^*i ma 

<iimi olskUJ.1 ) <iltall ^jialia (jl iliil Jaa^L . ^j^jiitill JJull jJk . 1 'q itiji l| »Aa i 

4 * 4 j L*i a t/J *jJu LjiLla >j j a J i >11 0 ^ 1 . i^t I <ILja iiitl ( jJ 

. <ljLdl jl^II LILa. ^ 


Vfc o 




( Electron and Hole conduction) 

<L«jjaJLI I jLlill l| ,_ti £>uj < i i^jii <i}_>lo < ^L L*oi ^ jli < u 

L*Jlu I 4 J CjL^jjJUI 4 >^J (jic Jjj <JLUaJL 1 <ilail I ( V — V* ) JfLi . <tih >11 jl^ll (jj 

SjjL^ll <iUU ^1 4 -*_>^a-L I (jt-i ^uiail^j ■ 1 1** * (^1 l jle- ^gj~i -v~i VSiilaXl jo£ 

• <111x4 joe LajIjJjj^S 







V»8CJl 








Aj-£y*oVj» 





(r-ro jCE 


VjVf-3 4 

e g >>kt 


vn 



Jj u **> lint a (jV « Lj 1^11 >.Lt Ai oil * l—fci I J (Jd& Cj I jlil I 

jU— Jl «>Llj ^>1 1 ±ui Ij <L£j_^JI { jA <1»L£ Oj_»i oljt) iiKIVI L» »j Ltd* < ^jl " * « L\» 

^jIb‘i i ill V i-ij *> i i Ij.^i iii 3-iUall ijJu ^LuuSl « <ijl_aJI jljJll <IL^ ^ La| 
i.iiyi im*i V i >jJL tniiit oUi^iy I ijJaS tJJjl t < Ujiii ^il ,V»(£JI ji oljuSSilVI 

4 o U, m SIVL, J^^Laa j-il£ill <2 Ja1a Cjj^ — Jjl>*JI (ji La£ <L^jXI <lum jIjII 

£>U S^iAII 3iUa jiirtl l^>laj (jSiJj « i lAi-LUl oLa>jJ *Ufc <LJlA. Jxix^UI <2Jaiyj 

i i Lift* p UyO Ul >_n jjl Sjlj^II Ca.jj jjj jJic. 4 ^yjl^Iil ^ULLIa 

• "4 ±u^ Jj, i I 3iU>A (jJI 4 ULLII j^La. j* I ^ I^a'i <illa jjlillll 

Ji!u*i jjl Sj^aJI i W Mill ^>SL*j iilljju 4 i.ij^jjlll J^lji 1_t (ji tjjjjJilVI 

£f* Jj*^ t> Jb-*^ ul if* ■ J^l J-*-^? 

intrinsic semiconductr ^1 j Jo^>» <j-iu <ILJI ajji ^ *jlll < Cjl j*. <a.jj 
UJLH^Ij 0.72 J 1.12 U^AiSjJuJI <3Un£Jjj,jli]ll L»j^aj I j K ■ u l I I j " > f* a I <j*j 

. ejJJjlil i<4>i 

1 i i*i <jl£» ti]j_Ij i i < t» ( jl jJl^jJI i i Li t a (jA (jJl>j£J] l AAift 

JjL^j JLuJll j2fcujjl£lJI <iU‘i a JJLjI La 13lj < Positive hole 

<oa^A * * ~- ■ “ (jl5\j 4 a^ V I aL^JII jJ i.ii*JI jjl ^3 -Uj < (.it A ll I jjk 

jlp i < ) -a L|_aa 1 -*‘‘j <jQ 4 <L^lj| «JLLa jjLi L» K <j| Lj^j jj! . oua ci~a *j I jJ 

hole conduction t^l^lL <ILJI *3 ji JLa^jIII oJLax. 

, ^jl^JI < aL* » 'Jihlj 

titiA. < ^1 j Jdt^^A ^ La_A l_yyLUL(J ol^p^lVL J j l Aj S (jj] (jl (j^A4 

Liu i jyjll JLJI fel^jl jn^f. ji JL^jjll *(>lrkLA o Ujj aay I d jajj 


vtv 



JUJU 

e* o-* *-*e~ e* o-* 
6 «— • 0“ 

e+0 -s^e" e o- e-e + 




u'-vo <y2. 


° e 


0 = 


6 Uhjl Jji <Liai» Jji v_(jjLkll *il_ 

L-*Uj t u * ^11 L-ij m*i flSLjt < JL-aJU 
JLaJLI oLoh^V 1 >J>j i <■>“> *C 

( i - f. ) JSLUl . ^j-4-iJI 
^ I j Jj^>4 <U*£ Iji t-oiollj Ct(4jt><^iy I 
fjl Opli (> . JLa_* <_klx. jto;* 

, ^-4 CT 5 jUI <-j±4*u— i oji* 

(30 - 1) 

• tXu E « OjLull <i(j£ll J tiodk 
jLuJI • »A}M <xfJ4^l JM 1 


4 ilr»‘i * , _i V 


J = n e v 


oe = ne — = ne[i c 


>iii *^j jjji oUt > .Till N JJLfi 4^jdk (jx. Li. t u Ji 

LjLlil <i££ll 

(30 - 2) 

: oLjjj£Jy I i) 6 CTC ^jl irf^jll ^11 ^4 1 

(30 - 3) 

6 J-tll 6 JLA, J «Lfc yuJI (^« LuU« < C) U« fr J^JVI (J Jk f-lgltlj** 

• JkJLI 

<*nfil *JI 4jl Liu I (jj£j * Sj>*xJI (_>ai ii Li>f^ IjLu U43A4II Cul£ U>j 

: tr* «y 

<Jh = P^h (30-4) 

ft>A»aJI ».ia^ t-oijJl JJCjJk p • 3iLu < ^1 uO&ll ji (J- h iua» 

: J^^ll <umI CiiSlil (* i < S m * < Lfj 

o = neji c + peji h (30-5) 

a = n e ( n e + n h ) (30 - 6) 

ji-ij U< U^M * <iLl» SOa^j ,ji C*UxH^JVI JJ£ jJk N jjli Ijjj 


V£A 



j Jc jjjjc jj < T (jjSu labile Jj^jlll 42 L 1 a ^i] o U<> «^Jj n JJ& 

L54j Sjl j-jJI £-» v r oiailj oL^h^JVI jjx. j % • *ijj « I jJ I Ju^ji.1 ^ n 

iljlxJl 


VI -M 2kT 

n = N e 0 


(30 - 7) 

dJjuo t Cu(!t k t J_> n^ jol lj jilfllJ I * yU iji-ill <JiUa ^Jk E q viij-y 


: i jJk <iw < _> 1 1 s\y* i rtl 

a = Ne ( (i e + ji„ ) e’ F '° /2kT (30 - 8) 

CajJ £-» 3 ,fc imS <11 jJ Li— jljjj J-i^jJLI < > it jji tii 

LfixL^j-* tjoilm Ijyiill O^L^II (jc »L> ill jjUr. IjLfjj < ij lj aJ 1 

<La>jJ <jlmJu 4 \ j.ul CuljJi Eq SjJLjII <iU» I jl-xr jLxjj 

: <Jj(jLvil lifj ?>i n* lk» <oL ijlc. JjAvi ~ , 1 n G Qu < Sjl^xil 


In o « In Ne ( |i e + n h ) - (30 - 9 ) 

Lt£ « (jL« Cudt I -,i« I A l jlc. L^j^ni a SjJuJ I <JiUa -“H -UaJI J_u» 

( 0 — V • )j£ n, Jjj £4^^* 



( 1/ T) — ►K 


(d-r.) jsLi 



: ( Extrinsic Semiconductors ) JlijUll •Vii-r/r* 

jjJc Mi Ini* jj ijSu Jj jjliJai* {jy* > j • * i 1 1 <jl l. i A<« l * i i ^ ji 

llaJU. jjuLujVI Ijjl jjplcj . Lfj <2(JaJ) CiLj jIm A (_jl a I V jl < 

£3 Ij&i 4 j_J Lc. <L — yj~i (jJc ijU .1 i'i £u> < ^1 jl I Ja<Oj 1 I <Aui JjLuC^jll <fl m« 

aIIJI 

(ji # jah ^jJ| Jirtj j2 t_ul^JuII lj& J» ia jJJ jlc I j(_* JjV I jJcuJ 

Jiiaj extrinsic ^jLJ I o^La^>I I *Luil ^Ijjoa. du^ * 

«_uljrfju)l * jA m mi in LL Iamj n - type £^lll s_JLu^ p-type £^JI 1 
JjVl £jill <-£La| j-oll (jic M-J Li.J I oL<jj-liiy I jl m i^oUUI (j-i ij-ij 

<£La| » ^jjjjVl JjLa* jJlilll i^aaI^Ji <J £tky*> I I jl Jjj^aioduJI jl f^uLt^aJI 

. /) »«yiiV I ^yilSklll Mxu<L«a i_uljJu mJI i^JLuAa (j^SLLiJI j| ^jJL» a )aJI ^jloil £^iif 

d ^i Ia »aJI jl * j -aJI SjJ ijl t- 4 j u-*!l £y* 

jj lj ~>~i jljil * Jul ,jlj 1 j ■ aK'i cUjo-^1] M-*jjI 

mIlJLI diamond structure ^111 jj-^» 

Kyi .Ml^ijjJfl g^M 1 ( VT-) JIaIu. 

^ JmIaIII JJc f tui I jil^j , Ini* jljia <ajjI 

• *j j J^i <jl jf» v>ii aat ^ coordination number 
t> £Ju i> ^y^ l 1/ C>yjj J£ covalent bond m^aLuS <JcJ j oaji 

ua 2 !^aII JaJj MjaLw^ (jj * _* * ** !jj •■■* j I j La . i£jjjll uy* 1 ^,) > oL mm ^IV I 

SjjJ ill oUm II ijj^A jlil M 111 > ■>!! o U I j.1 Ini * Oijl jLi 4 
U i UJ J <JUjVl Jl (jljxajl £*k <J »llm*JI JoaIj^JI |j-i Jj."tMlj <B fJI (J-* 1 gt «J VlV I 

<X*>4-^ Me. Jj— o>lJI M_tLc . ^aLiaj jji g^Ul iM j oULH^l] 

5 jL»j ^ic Jfc u ' donor >1 Lit 1 1 uj(j JL uLIja>JI t jji Jau ^ « i ul Jlai^ < ^a>jla 



Vo. 


KiMi Ijji iM oku <JLmJI caLaIa <uL^ 

J1 > > il ^Luui ^Jc ijj [jU I Jx<uftjjll jji j| < n ■ type 4 ju 

i 'll I I jut is— £ UUJ I (j Inli-a jSLi 1 / 1*1 < J_t ir»juJI 4 ilnift CiUjlh^IV I 

<La_^JL i <lkll I ( j4 i til I I+IUjI oLLi oljjl m fc* Cij | In JJj ^ V — V • ^ *■ tl La£ 

Jia ^ ‘j jLUl « llJ ijj <jJalI oU< ySUV I JjftJuu oijJJml I * jjfc • *_) a* II 



Jaj I % >1 1 J^»l£u ^j_JLJI jl J!l» «_ijl^uki «LiLi a| <JLa. 

iiLl* |j4 Lj^ lj ^uLw J£ tL^G (jU < 6 jjLaJU mil Cj I jj ^4 ^jjVl CuJlLuutl 

. ^X4ulll ^IjJ ^ <£j^JI jjjSa Positive hole L£j <j(£* jj naia^il^lll 
^w-uf <JLaJI 6 OJk t_i4l a }->UI ^s-Lt (J^jj ‘ (jf j J j io jGII < j l« r ^c. Vj t m « 

• u*^ I ji *jj 6 jLtj '*•■ > •»-" c> U< ^ SLfajJ L+j>» ii lp| ■‘‘•J acceptor Mltii ulljulu 
P - type £,^11 1 I sm jLUlAj.i <iauJLll oiaL^ ^jAj 

t-u(j iMl <-J»lLJI oljj 1 «»I,4 ( A — Y" «)je .* tl . ^jlll v_l=i^j— » < i ,im 

. <4a^jJU v-oiUI olo^V I (+L* j^C jilaal I ^iU*>a y«* <L21uJLI 


Vo> 



Junction diode 

■ <1^4j < Jj*i il I (jj a mil (Jaa <L*c jil I jjk 4 nut 

4 ^uLi^aJI jl ^ < 1 1 nu ll (>» 6 jjL ji qUjjLaJL* cgiiLia (>» ihjSujj+i « 4^A$jJ yi 

6 l^....i**>V ILi-JI £jill (j-* <-^Llll 4 ilnilljVyta^LI £\jiil (jA 4 i U it I I't 

4 t »II cOLm^Jlj i . II I j i A (jA oil — hC^II j 1 1 ill «iUj{j < 4_mjLfdl OiLiA^JLI 

. oil****!! «1 a Jac ( \ - T. ) jcAti-^i P-n- Junctions 4_JluJ ( 


'•♦ \ * 
\akiA 





type E n-type 


{jjk ^ J ‘til Vi 4 'jjjjl ~ * «_JLuJljoa^II ^Lc^lll < 1 1 _> ~fc 41 ia^ 1I jjfr 


11a yii^f v^iUI j ■““*■'* I »*■“ 4 Jjlill <_o^II ijk <lil«la v_JLuJI £jll! <L^U 

4'tv it»ll oil-ala* <a)L 1 A 4 > Li‘t > till II 4 ^ jVi 4 o Uj^ VI £a JjUUi aL^jV I 

die j’n lij ^^ia* <JLJIj 4aa^ll ol *i*fc Mill jLiail jiuujj 4 ^^£11 jLjJJ Sjaji* L^I^jLSa 
, pi l~> i all t ji jl 4 all I y4 Jijll ull^ E yjL^^ JLm 41*4^11 
4 i 1ft *> ^ v_ 4 ^Aa!I 4dUala (jjil 4 d^-ajll jjijL ( jlc. « f ^ ^j^ Aj Ljjjl I jl 

4 iUUI E JLa-lI Sjlu c>A 2I^4l4A^li die. 1 1 ^11 jAklat. ylil It 4 <LJLui oLoh^JVI 
4 j^jll .if aJI 4 jtlii IImSIc^ ilid-a Ijj Lai . 4liA^ll jLu ^aj tillj|j 4 A <LJlaJI 

j^Lsfe 4 ^ iMI a aL*t 4 i, 4 u’JL t_j^jJll d^-aJI ol j l jA o U^ Vl 4 *!***■ olL$j 
6 1a ,jl (ft , ^1 1 j It ill A 4 JUJI 4ilra‘>l I 4-^jti» jljjii 4 SJjlm E JlaJ. I jl Jjjj ^1 1 


Vox 



^ i Forward direction ^UVl *LaJVI ^ jLlll Jl 

. aa jlil jLUJ ^L« J*t J*t3 y+i « Reverse direction •LJtfl 11* 0 Sa 

: ( Zener diode ) j3j 4j^b-« j T * 
L»£ ixij-fi jLj3 V » Lr u&JI *LauV I ,ji {J ic. X+*. jjjL LjSl lij 

jL^ji l*«Ut £jJhau < J^al ILii ^ij J*aj *jaj£ 3a.jjl J^-aJI 11* Jjj IjJ (j£(j . ( tilml 
*1* ^4 juu^j kJLlj l|_i * LjJ~fc4 IfJ jLj j* jL*ijj t iL^I jjt .VfaJ I jakLaJ 

: Zener effect jlj jj'uijjkUsJI 

~l .jlljj I A t ill ^>1 iAll tjjljjall <■> 1 umtlll ^LulaVli <11 ill 

(jialiL £>Ua jJI L£ » I n( iht Vjal (juiftnll jLull 5 J-a£ jji J[yaj v^jJ-a. j^u a 
(_£ Ja (jit jij .1^-a.j (j^wiil J^ail jji Lu& Ji»J • ( N • — T* ^JSLiULl^jjl jiJ jjail 
jLU jLjJI »JdM) (jit i-iijjj V 4jjl.il I (jit ,t|aJl jj* (ji (jliLAj « (jJj^ilJ jLjII (ja jjj£ 

*=“tt •*#-?' cr^ 1 U* 1 ^J- 4 * lO 4Ji ,J f ^ • <* 

, Jji.r.ii 



(w-r.)j^ (N.-r.)jLA 


vor 



Jj a jjj Jjjl j 1 1 _>■* ^j>X<mu < Ut iwj <uSU)^£ i_>jlj ( \ \ — V • jjf ■* ti 
] QO < 4- C/U |L| > jjJft Jj ■ rt-fc 1 1 ijLjJJI 6 X* UU ^ jA ~» I >I\ J 4 Culu .t|-> ij J j I 

, J4JmVI ^ * Ij^l (^JaL V jJAai a jlu jJljA £-0 -M>» 

: CtVl^alml j f * 


jl t Mule. <LjLuJI ciLiuSV Mu^juua^fb 4 j <LLu^jll ^jIj Cj^*i 

ftLaaVl ^jjl ^jjljJI jjJfi. jLj^il < (3 , CX Jja<u|jV 1 C<l •ji.n'yll* >Ju(*K 

JSu4) | oLi ■'wall MuJlaJI A Mi. Uitl jj \j£u j * “ ■“ jLu Mu jai ^Li < ^ 
iy* ^Ijjl i * /n &i M il nt tl *XM [J A M_4jI oUbwAjI ol^>i j^ ji < » Jut (A — T . 

ii> i til I aJJk i^> i iil'iT^j i jin^ill jljlllijuu SjLj ,_ , , Laa . k_<>iiJljoUjt>iUyi 
< il^jljll jic mJaaL-uJI Mj^II oLuuoJI i iU f. j|: i JajLi oil --oil *11 

( jull < Lfj^l ClI .A/llL JaJU jljJU 4jjljJI tjuua J IjJ ol 4.J Ml-^ll * jjk JJC jlwj 

. j^jIjII ( jji * jjc 

Oula^j aL^jl jLuul I jjaj <jl jj < jjjlll jLlil i ^IJI 1 irtjl Jaju 
jLHI i.Iiai ^j 3 il l I Malar. ( NT — V • ) {JSuJ^j SjaljJI • *Ia*jV I I JJk ^ ui^c 
cJ^jalj <JUjl Joua^u ( \X — T • )JC-MI i jjljJI <j£jj US . JJ jill 
• fiJ 3 ^ ***#3 J* 3 J^** J£ if* f I au Aj • jluili ^£. 


Zy]xjZii y\j>~ 





J 







jLu fjA ljua. 2 ji * m li ^jXak < Cilijuj l A*Zw* 1 \i ur»l liil 

, ^^aJI Mrhljrf** Jjj£i JJjL» 


: ( Transistors ) 

jl £jiil o-» <j-*£ j>«* <LJ« {ja v-jSkjJ L 

^j^li cJlj Jjl • j-^VI ^joil (j-» Ju-^>U <ifay ij* jjy-L±l» (^u < >-JLuJI 

Ja^jVl ^ » < nj j p - n- pjin-p-nU( N t — V* (^Vm • 

oLLjI - LjUi ; x^L. *jua>lj olLI <J£ k jillj base region i at till <ikL*j B 

, 4 iiln JSJ »_(jIlnJ.I £jill ij* I «LuJul <.i^>Ia jj ieu t_uljJu 


B 


la) 


n 


n 




a, c 


B 


2-^253 --^523 <x,Aj 


Ti 




(b) 


tr* 


+ P 





< iuj^ll <jjjljkj J<rt*i« n - p - n f\y (j-» >» Lu«jil »lll | N o — V ♦ jjSaali^ui 
^l« LyUl jL-aJ^l i-ar*i <UjUUJi olvrfM >i3 <jlt mil n - p <L^»J1 /jl 

I JJk ^ > i in Jm^VI #^aJI ftLfejl ji iji l h pL n v SlIV I Jh* Ijlfi jl 

jIL^j . j 4 J^ ^ jLaJl jji Y ijjlLaj CjjJaJI <L^II Jm7(j emitter <±*cLJL <-r>l-^ll 
oLo^VI jlu ji j| < n *> m *>j I >-J I ji iwi— _il_aJI lx~»i collector £*a>ll 


Voo 




tyi L*ill J^>f jj < *iUi > tot ^ > p - n - p f\y jj.l^wjjljJllI J»rfi ~ijj 

■ j t y j^JV L Y U1 vJLJI i T iUill Jtrfi'L I •*> tt *■ E titcLJI 4jj ^lVL» X <jjUaui] 
^ \*\ — V • ^(JSLuJL^ju-* L»£ < ^a IjU <JLJI ftjjk Jj il i iij ^jJI < C 
I ,JjLau i <jjJL «L&t!* Aa^jj JJjjJLI jLuJI jiljJ ,ji j^LutjiljSlI f I aV ii m I 

. ^j* 1 **^*^- ^ I jl ^ j 1 ^j*““* E 1 >M 



Vo*\ 



, C&liJI JxmjJI JjL ( W- V. ) JSLUt 



OV-T.) j££ 

: jjlu)2t j5i] CiljV* tall-A / V • 


< jjHamjj I JLiuj >ilc B SjcLLlI I E iLclJI I p jLi Sj(a ju 

jjJJ I(- j Lilli ^iL 4 y ~ij L,«*m < I jj lj-a» jji i^» jLu (£^xu SdcLill jaj V 

La a «_iSjJL Uilj < C -vll 4 nj ii j tool I 1.1* j!ilij Vj C t>1I J <> 4^1| 

6juj£ cJj-iij l^ic. Luui 1 B jLJI i jJc 4aa.jUt oljxait ol*l Jl IjU < I g ijelSlI j(jj ^Jc 

jj j Id* ^Lil JJjjL* tjatj tfli ' ^*‘>Mj vticLJI (j£j u I n/ijl I jLSil S«Lbw Sjlftll* 
. jLiU J-*c jjjjc. jf ltMjilyitl tjjX* < I D jLllI jjJL. 

I Jjj i jji^ljlll jk J+aJlj jLJI d^u 4J^L*JI ££jj ^lll t^xill CiLiaJLI iwljjjj 

4jXcL2j a^lJL jj.i^ uJ^ilj^ll Ju> lj ~k ( \A - f • jjSiulb<lull * jjIJL 

‘ ^EB ’ ^CB * •' LT* i& «U>L*JI < iZjl . * !* 

a j i aI I oLIaIIL I^c^ju die. V £_* I ^ j j «~> £gjj I -».ly. «■* 1 1 <^j4 fi> * ^Jc jiL* 
c o-^ £* Vgj , I E (^u oLuaoll ^ jiiyj . (i) output characteristics £j*J 

( ii ) input characteristics JijJI ijj-JLl oUl*ilL 


VoV 








o&Rb !0»UJiVjU. 1 il o i > jj( x. -v. JjsAtuuai : jjui 

V B ' ^ *+*•>* V in ^ . ( v in - V B ) ^ 



. E B Sjfittll 

* ^ Ig 4«lc(^|l 

(30 - 10) 




^B ~ 


constant 


(30 - 11) 


' \n \ Cfi^ J*AaJ J| Ojj 

■ L *W , <i>-*u£f‘ I c jLp R g li*-iji Ijl^ 

• u* (S I * Vq^ £.>iJI afAj V o jj>lf qu t y*U l^L*^ jL ^Jc 
V o - V out = R c I c (30 - 12 ) 

: tjl IS I ( « V ou , qjj <Jai <1 jUII *jui I . Ajj 





•c - P J B (30 - 13) 

Ji.JI J+*. ^1 11 OfA CjU i*— Jl <ili ( gain ) j| a I I i A* > J-L-* 

8 V 


voltage gain = 


8V in 

I = 

‘b 


out 


8 V: 


in 


R 


B 


8 I c = P 8 I b = (3 


(30 - 14) 
(30-11) JUjU.;*, 

(30 - 15) 

: iJ lc > (30 ■ 12), (30 - 13) j'jiijljL* 

8 V : 


in 


Rr 


(30 - 16) 

o'\l£ 


P R r 

- 8 V = R~ 8l~ = 8 V. 


out 


R. 


gain = - 


PR< 

Rn 


(30 - 17) 

u 

^Lui je^sH ultfl 

(30 - 18) 

(jJ*’ J*£ fJLuJl 

: c^ius 

I I j| ij 1 >*i > oLjjj vtj.lAi (jl j 1 i/SkJU 

oL*-iL dl j Jax. • Feed back cuJLilL c^LuJI*aA|^*urf^< ^jJJI 

(jjC .i« L A— X i iti m*»tl yjjl ijilJ C <lh« Uki^J L «JlL ju yjjj i_)j I J 

HlitiL J ■ — jjiujiljiO ^aaJLI vBUL £>ujll ijilj J- — ~ ( X \ — V • J 

3jilill <LjJu l l J<uJ L qUjli SjjIj > i l> Jjt jl « > il» 


VI. 




jLllI .uljJij « jujoa jjJa I jLu Lij^* <L jjuJI kjjk ^yk l Jakj]l <j(fk IjLi 

2 jjJi £.* Sj^IjJI ,ji Iaj i *11 SjJ-ill ■ “ is^-^ ‘ J L>^ if* JJj-iil 

j4JAJ <4i(j «U,«4> u* tilij JJU SjilaJI . ULLJI Jjj l jlc. jj I jll I 

j!k { j\c . 1 ijlIoJ ^aj iUll JJjjJI fjl jl C i ffitl 3» m jjj«» f JJjj 


f = Hz 

2 it V"LC 


<1uJLI iLjj^ I Sjjljii ^>1 .i i»(j <iU<4j i 


<jjUJi m, c <*-jij l jim d-Ji 

(30 - 19) 


oLLj 


jLjj R <j^jLjLll ^.i -y l ml [ ^ . ^^JjjLa ( XX — V • )<J C At li 



v*u 


(«~ro jCS 



L £t£kJI L_il* LLfj i_jjUL P JLmauV I <Joji JjjjJo <jaDI Ljill I 4 jlof 

£0_0 Jjjt C uiJ&l JaOA^J . jJI Jjj I Sjilj C jjilll > iVU I ^i<Slj ££jll 

■*•■-■■ 1 1 ■ *1 *■ <_jjja JJjllI jLuil oi ii j <j£Jj i jjlu-jiljlll SjC.ll Ijj LjlUl jLj j ly » 

. Ijei LIU I CiljJjjjl jic 4 lj«.i»j jlioL ^iijljl <_i jjjlo jlxo^j . <ji jjjiL 

: ( Thermistor ) \/T* 

Mjli-a £y* ‘ iAjjJ * i . ..t . .. »>.tl iti < lij ii jc tjLt \ i* '■“ *j 

<JkJ J C^jlii I J i k l) J L.I& l_J Lui Jj» Luo LfJ I <lu»J-0 < I Ml S jLo <tj‘l I rt O 

OVLuluil ^Jll • S 3 I 3 UI Uhj i u~^ o 1 fcrfi it 1 1 C^jlill jjl ^1 < 

joc < jLuJI i ji *Lul.-^tll obLjll uoL^j^J I j LllL J^ju ^^II I S t>V I LI o -k 

. <cUalil Jju jlull Jjxajo 

. ( XT’ — X • ^jS>MiHji/JLQ < <Iiloo^ jljil jlf-aJI £_o ^iljlll j jlc. jjluioojaJI 

Jji i Ml l ojif <I^jULa jjrfktu Li_i i Jjlo^>Aj M-^jLjLo 

J_^jj jLuJ I ^llaJLl <1U < jLfaJI jjJe }L»l£ jJouall Jfr^ Uiouo jlljJj < 

i jlalll S^^c Jjc S^ao^ 5 jLj 6 L^i ,1 |a 1I jlj I jUi . £ lijjiU CLo n “> mi o £11 

. v_illJI ^yt, jlfaJ I - JjL jJ4j -J>« ‘ *U ^>HJSjojSkl I <^jlill ( J .* --^~ | 






<JjL oaj u/t 


£\jill IjJk > i r>^j I jL^j i ci^l i<\>II »L-£l *_oiiili Jxm^jIUj >4j mil I L* — \ 

♦ ol^>liII cU-olII ,jc 

2.2 ^IXM j*»L j*j It iJjJLil jk Jj lil JjLjlu — T 

5 <ji uj UaII I t o U t w ^JV I «L^ ^ <Aa>jl ■ ji* ^jl 

I jU ol’iii mJI <j£j^ <1Vj^ ^jJul ( p - n ^4 4 jjIJ 2jj-*II oU>% >1, 1 ^uujl — X 

$ aI^jVI Iaa jaif kjjju^j < »LaJl Sjjj^ ^jjtljil <^jlL* :>& 

? jLilt |Uw4i£ 4i*C <Lk^ ^j«lj < jjlwjjljj 4 1 l*ii*^ 1 1 , y laJI ^mjl — i 

< 13LI1II ijjJii (juLktil ^Jc OjLaJlj 4 .i it(j jljll ti£* 3 % > -iil — o 

$ ^3lj <j*ii ( jlc. t^uljuJuJI {ja ULLX\ ^IjlVl ULi] jjSlj QjJulj 

9 1 | l«f 4 di& Sjil J ^uuujl — *\ 


v\r 




Superconductivity ^JLSliit ^Laj^\ 

: taUJt ^U> 4 l! /n 

I 4 J <*> tSLi j 4 A 3 urti^, tl I SjljaJI CiLa>jJ Jlc (jaiu jflnj 

J^UII Jjri^iitl Sjjklii ci>.t»~>^l « LLm l^l^lJu ji*» %*^ <iili <^L^i 

jie itoftlll Jjijll jioii Ltjjc Onnes j^jl fJLaJI <kuiljj N \ N N 

JjA ijk%& 3a»jJj t~i C^jLlII jjl Jj U .(j IUU jiirtll £yt ojJlJL CiLa.jJ 

«Lak^kil <dfejjll »j Ji £y* (JSVl Sjlj-aJI oL^jJ JoC S jL*il ‘~**~U • 15 <Lj»jj 

5jUI t4^Lu jt > ihifc'y 1 l^ia* ljf*J i jLLI <JL* jti.li <%Uli 3jln\>a 

<jjUUL ^u)Ul^ SjLL jLIaJLI tij < **111 ( \ - V\ L^jJLa. 

0*&4 • 15<a>jj Jpt^jSlI jiU J^jll uijtAj 



<1^jUL» ju^‘i ^jll iC^>UI <atjJ l\)l2iljM ( N~f N) JLm 

,T C = 4,15 K ^jJI lkj<ill oaj 

V*\o 



ij. u& jIjj* 3 


< 3 foll u* Jju^jjJI SjjiUi iJiLklu^l s/Lfj 


Ij-AJ '"fill 4-a.^.aJI 4-atjjJlj jljil 6 jjl ^yaJu {\— J t^Lixl) kAJk 

.J£ fjk 32jUII <LL^^1I ) »fia 


O-njo^ 


<e»jall 

Sal LI 

<a*aaJI 

5jL_LI 

0.66 

Os 


1.2K 

A1 


3.72 

Sn 

jjXa.ai 

3.40 

In 


0.012 

W 


7.19 

Pb 

^*U jll 

5.3 

V 

Ni- 4 ** 

4.15 

Hg 

t3A3 J * 

0.87 

Zn 

dLj 

9.26 

Nb 



j^Jaj IjjgaJ I oLj£ji.lj iT>Li nil fjAt u 31 jii <tJJj ^1 iiL^Vly 

,<jiill oljlill Lkjie. j^Jaj jjail dh 3 * Sjl^k ol^jJ jj c. «<ilU 

: JiiUJl o3Ln>dl t>al>i.-r-r\ 

: (Levitation effect) ^ijlt SjJkUi 
<3^LUVI jjit <J u*J ^15 Jnuaj-* ji 3^^^ ^ 

jjj jLJI Ijla j > ~>i ui Jj.i^jJill 3^b* t^LLu 3* Sjilj yi IjL t!i lil^ji I jj LliL* 

. i 1 *ll ill i “t lk i*l> a Jkjl ijliull Ju^jj J >1 ml Ulla t <111 »LauL» ^1 
Jxt^lll 3 j(J iJI mi 3* <-ils* (jji ^ Ualil 3 jJU jLjJii I ijLjut jjlLjuu! ujI.VJI 

. j+£ (fU <JLaJI <;jJu 3 M> o**** (^1 3>* 1 *-^ ua -o *^-1 

j l j ~il L j j.* i»j 3^U (j-i <iL_^>J .a .ftjV (^<a1I jLjJJI 



oVla-4 <XLill <> jiljJ ,ji -L^jIjII ol jLilil i<xaJ Persistent current. 



JoJj-uI ljt-8 ■ ftj i*! 1 1 SjJlLia 1 1 ’** 1 ■ *‘“ » ■*» - At,.. .Ul * » « 


Jtfjtfl li*J oIjLj Jjltfl (JjajJLI Iru <i jjit jjn JLa-a dj-lA.1 (Jjuaj** 

* 

*\ jJLu^j ^jJLi i j.. jJilij (^jJi oljLt-lil a ±A • Lenz's law ji] 

j ( h »A <* I^J I (_yJ> j^.daLo>ll f-ij I fly iA ) {^« UJ&jJ <(JjLa1I JxajII i j*» qu tL an JUl «_jIjSaL 
£X — V N drj-j-* L£ •* ( jjlm uIg. j&j* jac. * l^fJI fji ^jL. 


i T, 

Lr 

-srli J^y n* 


Levitation effect, i jjiUi(X - VNXjUi 

jjjj ~t i jum jjUa jlka jkj.Ai fcrfvl ji a jjk ^ijll j^uLUl jfc.t Vli i <>l j 5 j 

(j-a ijjSLjj 4j) <*. if* oljl jJa-ujl jjJc. jUaiLlI Q^( % f i~J a % J)Uj dl^J i <A Ati jjJjC jliijl 
C^jlAa CjIjLu IfoA i <JLl Li ^Lla_)-» CjI 3 J (_)*> <j* CjUlLa lf^ L l~> J C)t j n i jt-i L l aL* 

Oliill d U »« «. ■*■ ***■ «* >11 l^-iic. Ja-fcl I ^yajJI ■*•■! »IjL. ..I <JajjLa JjlAj 

J« •*■ ‘ La ■•-■Ij" « ‘~‘*‘. ■■ ^ I At <iL.ua ^LuaJLII jjj Q^l ■% » 1 1 ^jjjoA '‘**‘ I *‘ jj L ■ ..V I 4 L\« 

I jjh <_Cj_uj J ■ cllj)j i^)l t -Lk.il I £-* dK*i T. I /’ifcU OuljJk ijLtay jjJc. jliaJUl <2kj^ 

_ v \) J5uii i .<cLu / ^ 500 <J -L JjjjL (jJj jLLUl 

l^iaJ jliaSJlj LLa. 1 [jjUaJl jLLiJI jA I ujJj Ju£. i^)JkUa ^>.1,' ~a~li ul 

. 4alJiJ I Cb« La j i£ < ^u i A t f 




X -X\ J£oi 

.'jjU oliL* ^lniVimL 


JjVl ^ui jUU4l,1 JL»gt -f / f ^ 

Type I superconductors and the critical magnetic field 

Ct^Luc^ll olniU jjj oIjLlUI jjj~* die. «. 

^Uoatft l clLtj jftiaJ "LiLlaj J i ^( jcmV OjI J ujt j unhl laAjJac. J^JU ^^ill <<ijlill 
Ijk jLplI I JJk (£jjmi lOliaJI {ji Ckjlojal < k ik\i >i >11 1 i aJ Jali ^LLaJ jl 

jL_t ill *Xbu * jLj LjjJau (jSLtJLI till jJ ‘ <-uj <i\ t ,il>|| Xa^jjV UU^j ,t ill I 

joJu LajI <*tl JLaJtl Sdrfi i jljj ijiIL cllj ■ I • j Jij ^jljJLI 

cr A-wLi — cjJJUa Xa. Jl&ll jlj I j] <j| Xa^j xii illlj jjJi £iljll jjSHj 



<jjlc SjL* Ji\ JjVTjj <*jLkll SjJkUa l*l*j — H ^ JlaJLL 

jiLill * J-ic. ili it JLa»— • Jil <jU ^uaJbUill JL^ll uij^j . Jj mjJll 

iji ^LIaj . Type I JjVl odLu^l ^lll 1,1* jllijj .<L21 LaJI c ijlu ^p 
(jc JLaJLI *j»*l ojljLft I j| <<ijlill 4 Vi Jj (jjjLi JjuijJI <1L^ 

o^Luajil ■ H c < «j i > ill ^~(j .JLU.I ji mil jle. = 0.041 T 

.SjljaJI <aijj £j*JI Jl^JLI - ( i — TN La^ — 32 jUJI 



ijljaJI <Sfcj J £-• I * » >U JIaJL I jaiu ( i — V\ 

•JjVI o* JhU 

Sjlj_^JI <Ajii ^ -j j » ~ liilill J^jll £_>aJI Jl fr . l l i s ii i ,j1 iAj ju^j 

H C (T) = H c (0) [1 - (T/T c ) 2 ] 

T J».jj Jit gjaJI JLJI H c (T) 
.Jlkll jAmJI ai& £>JI JL}H >* H c (0) 
^uutaluM JLa-» <L»JjJ ( ‘h£jl> ajill (JL ^jl.ill jLuJI SXmi SjL; <tifi 



.«jUI <JuUl I < <Ulj| i j1a j^dic < jLlIJI jj itu *j-Ju jljjj 

kijUI *i««oV1a> JjirtfkJ I 3 ojI2LJ ylc. jLill *j Jw 5 jLj ^ 

.Sxlll 

: (>-n)Jti* 

Cijli i^3-< Cil J SjL* jja ^1<m |*i i ^li i^w J2kl U ISO OU) Jtlc kilt 

Lfiji^ai <L^j4j jilall ji . a ) I «La»jJ Ji6 H c = 32 T £>*il * ■* «JL>Vl £^1 

T c = 18 KJU^JI 

$t«illl J^lj 5 jn i j l n l i t * VL>k4 (^o)l I till jUI !dw da^jl — I 

■lie Ajlj^ll Cibiffc I jj <t till jji Ijljij j!^*l jLjl jj^i jili — t_i 

( Ho = 4 71 x 10' 7 N/A 2 ) s 15 K 


H = Ho n I 

! = (5JT) 

( 4 Ji x 10' 7 ) ( 1.5 x 10' 4 m' 1 ) 

= 265 A 

H c (T) = H c (0) [l-(T/T c )2] 

H c (0) = 32 T = 15 T c = 18 

.*. H c (15) = 9.78 T : ^ 15 <etjj ^ JLJU i±*i. 

'. JlaJ.1 I jjl jic jLUl StlJu 

Q 78 

I = — = 518 A 

4 7t x 10' 7 x 1.5 x 10 4 




: (Meissner effect)^Sj^4 

j 1 -" j** •4jd-*-U (> 


W. 



£_a L Jjla JLaJ.1 I jjk ixJL jLjJlil (jJc 1. 1 li "tjl J^^ll JaJ J 

cil j|j 1 1 ji ia ^ *i i ^LUI <JL& (ji L»l .<^jliil 

Jj-ajJU Ji.lj JLaJLI >xij J.l*-a (j| t ylaj Ijj^j ^>^11 JLaJ) 

. 1*11 j Jioj (jl <_i-^j Jjiill 

(o — T ^JSLUl,^ La£ “ ^yfcflaLli* Jl^a jji jSU Ju^j-a £y» <iljia^ul C** ^ j I jU 

, L^il J1L I <jljLimVI JjJrw3_lmjVnl *ittl (jg^ ll (jl .^'| — 



>t»< Jv^O *jJU 


JL-a J lift! I I J Ji liJ I J_^jIl(o - V\)j£i£ 

fjlc O^jjLj oljLj (jjlilj .jillll JLaJLI < I ua^La jjc 

^j)l ^Lill uij irtl J4 lifj <lflAlj 3 mi J^jJLaa jlii ^i.aii (j.vliwa 

JjUJI ^jc 3 j-a Lml) oljLatl ^^3^3UuiulaLuUc<VlA«a <Lt ^’i t^jiV 

jjjjV jUlJI ^ud jjlll LdkJauJI U vLII <iL***i yl Ja^ >tJ|j Jj 

t I ji i j t «a ji i^Li^ll j«u Lfij-Ia-j <l i Ull *1 a (ji < 10 ^ cm <j*- 


WN 



.jUI 

JtLt !<a.jIU 2 *<itt (£>211 J^>Ul J Jllill Jx^jll JjJa Sj4lln 
4 » ■ *_» ^,n»,jtr)LuUt JLakU >11211 Jx^>ll Ji>ifli jjl . Meissner effect >jjx« 

rJlaJll £-* Lljill! >2Lu«ulaU24lJdkl1 SjUl «_*jxaj lx 1 x1 

Ci^Lu^all 4/31^1 £jj!\-o / T*\ 

(Type II Superconductor^,) 

jil >uli»l 21 .lift (j£xj <<AxJ jj <4>L <lljUinl J£xL Jjjfc >11211 JxOJ-i! (jjikJ Ixjlft 

£>Ufc. jjJ j %.ux>fr>Ki»H (£>211 ^ Jjio jltJ <j| ^ la >j < L*ll 1 i \ lUl jijx« 

^ < ati i^tl Jl^tVl>^> fttiirti U 3 > mllb L»l .J>Vl ^>lll <<jl>kuiVI 

JC*t^ <.*ii.ll4 ijic. ^uuLUitl JIaI I JjL < jl> f ■* »* »* i J>x<>llll < ill ill O^Lug^II 

. ijll*-X 4liL^>* (£jjh|> >1(2 Cl! j >Lllx Ijlll ^XUjLllL* 5 jlej l^xuaJI 

<j lu^jll jJLL* ul<M«> uIa SjIIaLI 4»lid^>ll cil j >Ll2il jbjj <JLaJLl Sxw tjLj 
i jULI * ly^l ( *ij $u <iui > lu] jJ]^uyjiti JUI! S j x ctL^jl* bl jja> <<21(2)1 
<jx Type II ^14)1 £>iJL jljll *2 ji Jxx ^ic. >liu . jLLaII JU<^>iII cjj rLl jJ» 
*Jxu JxaI La.ilft ^ci ^ H £2 tfl £|J Lxx ^>a>J j_fTt ( ^ll I <21 Lil I Ci^lxoji ! 

ijifu < yt^,iujlaLuU> oxtail J>^j Iojj Hq <takj»Jf <2 *j 2 L^xlc jJ(yll JlaJU 
*jl xu ojbjl UK «5 jUI Jib (>1x211 2 «l*^ jbj!> .>11211 Jx^>II * Ijxxl 
ctl j LflxSu » jULI > j ial 1 a jicj iHq ixitill <*>JI SjJJI Jj J ioi *h JLaJL I 

>l>I2l tJ ifc Sjjlal 4 iii <t->l.u>tt(£>all 1>U1 ^ turn < all*-* Jx>^ w 
jlll >• ^iL2V I iti mil *>!> rJ I CiLagJ 1 ££a»>_^]I ££)UaJJ iVtNjjSki}! 

: 1x4 (IrULaJLI >x2a ll.ui (jj£l T — 4K jlc . Jjx^jlll <21(211 jjJxa21Ij 

H C1 = 0.019 T & H a = 22 T 
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(vr\)jL£ 

.UL±1\ oLk jJi oic £jill jlli oVUJI 

: Jd ^pjlj ^uuJbUAXl q*laM — 1 \/ f \ 

( Quantization of magnetic flux and vortex Lines ) 

££a.j»JI c^JLaJJ £/j SjIIaJII <_>1i^jJLI ^1 LUUII Ll.«^>ll ^ 111 Ot 

l<l l » > iJjLA !jJc ^,lll . tr> 1 *4 4 1 ( SjULI t Hq & Hq 2 

(jAa-ill <jAju jIj— *| ,jic. ftjjl JLfil *L*Sl ftLaJl ,ji 

LI ol j 4 Jut yi ^i^ljll .SjULI ^wulaLudt 

. JA>*i ^*‘***i SjU«^ 

<t **>0.1*1 . /.. lULlitl^yJI J^jlma ^yk lK •"* J^lll tJJ oil^ l^j 

«Llj ■lrw.. , vll U>jj -k . CiLJjjM |‘| 1 1 l^Lm LjjSIj ol jU AlS uu dl jl .JjLaII 

4 ill ^11 {j* \ | ~>ILa. ijic. Jlj>jV ^il\ Ju^jll 0 Ijafel ^Sli L^ljJI ciljLill ftjjk * rhT j 


wr 


,...11 1 1 U^J-^iiialaLiiil {JLaJt i jljUJ y* 1 |j • *Li i<illi]l 

(jgj ^iiijtal u>4 JLkU iji ‘J^Li J-kAj_« ^iaxu jjJfc «U*ljjil * JJk oljlfj jl^V 

.H a & Hq CrUa-^aJI yU-viill 

Culi^ll I ij^iin (Jj^aJISjljj jli l ' i it l JLaJLI ^*uj ^ la£ 

^>Jl <> J^^>JI magnetite Powder 

43 -kuVl ,ji« .uiM ^ pi * ■* i%“ ^Ltmill j^Ja . H-c, i> t> &>*-*>• 

£>u-» L « -< i % uii tlni^aXl ^^ JLl( yu I J^jjmll oLLfj die i UI 



cU#|, jJ( kjkJ ' 

(V-r\)j!Li 

(3^ Li U<m jjlt <LJjjiJ olf tfj — l 

^ until *(wtl(jAt>ll jIjaV — v_> 

JL»Jtl a »>, i* > Ijlijjui £yj ‘oLa.L- 11 Sit \} !ji J^4a]I .u e jLajj jSul 

i i.it j i.ti Iju ifjkkfjJ Uidfc J£i jUI jtr>l ««t) jjij »ll £juju 

C(>Ji iaj L ^ J£l i-i~al i^tl i^uill ulianj tlU ji J^jjJJI Jde iUi{ JL^JJ 

: J^i^MolaUAtt^jAtitl <«jU 


W t 



♦o = T- = 2.07 x 10' 7 T.m 2 
2e 

(jlj <S L «£a 4 J « ^ ^nnVt l.ut U tjAtlll (jl <^1* Jju I 
iic 4 jI I i I iv J1 cut tl . /') i v i^iy I <1 >** it) ■ ^Jjc, L^uiXi s‘J\Vj cuIj 

jljj>i kj ^ J£ ^mjitrt LuUl (jAjill JLtj^Vj^ll JLaJLI ft jLj 

L»jjt «LLflJI ItjalK jji^jilill jjtau ^III J^uhJI JJt 

<jjLc »jL* (jJI LfUSU c4^i >x2 SjUI ^uSu H ^ <Lulull 3 a.j^JI 4 * *j* Jl^JU Sj*& 

is* <iSLill CJL^II jn i jlrt l " i tt l tf fr ill ifr>L» ££**, Jt > ~> 

.SjUI 


3£llih Ci5Uc*>oM 

(The BCS theory ) jL>£ - jrfjS - 

clm i jl*> lull ‘LiL^^ll ollwJuJ I JUV.I j^t jl^ll fji ^Lji^JI Jj mjlll 
* j-* JLSlil <^*-* 4*^1 5 jLJI *Lu^£|l JUjLiil djjJMj ltr akjUi ^tLj+S JU-» jjJU 

tr* Ujuj JuUIIj oljiiJI <IiiS «UjLi* <Cilla^ 2 JI 

jJ^j ,<i^UI oiUli Cu < »1 jjjJ* u* (j J L*I lj C j I j-UJ I i ji "Luj^^ll <4jUUI Liam 
oljj £-* <*[1.1 ^3 i(j 4« .JI 1 1 <rt • j £_* L|_«jLmm (3^>L <<UL^JI * j-A <alit < ’fflVI 

I 111 £ufti ijlUll jLaII 44P J*1 \} . 4^1 util I L^jfj ^IIMllI 

.^tiull <^jlill u**At j| l%i — <ft_wrfOKII ctLjktll LLo — oUjo^JV I 
LaLaj L^_*l jajIj <JjL&II Jux^ll if* j ' m<*i t ii^i dl jit j^»Vl jjli I jj 

Ui J J^ JL ?0 ^ <*gdb >* «4tl l U& SjljjJI oLa.jJ Jut 

^j^JU <UjjiU jjji till Jj OuLftll -~|1*^ g^i gyjjjll^ll l ^ jUtH^j ft J <11 Aj 

£;» i I yj i (“tt^ 1 * i/i^ ft jji j ■ >1 1 »i The BOS theory :^| >. hL 

oLj-too) I 4 jt»"l *■ < to! ifci iJajIjj ftj-i i.| >♦ (JS Jua^>4 <oU jj "t^lVI 


Wo 



g. IjjVl tx/k Cij>i <|J . £rU jitjjJI < iQ&J I 

y J^u^ill oi*. lia-UI c^UU. J5u£3 ^slJ ^ Cooper pairs £ U& "^hjd^V 1 

.<ijlil I ^.jii^jJLI SjaU^j jLtil jc i iVijj <^1*11 (J^^II 

J^lj Sj^JI oLuu^Jyii Ix^i i>U y jt ft ll I > it,£ 

4^j 1 1 till <o-aoll UfrjJ jj t l*L»j Sja* 1 T 1 1 <ij I oU * >j£1V I *JJft . J-uc^jJU 

I »> t-»* . ..1 <JLuJI <Vi^ it &Xah3 ol^jaVl Cj^i ^ * A |'ij J lfll jjkj 1 • J*i a > Ja_i 

d ■-«- .*.11 jljjii i»<jl^ til i v> J» jc < >< all 0 I 4 J 4 I ^jic 4 ja^ 1I Cil tffc itJI 

* 

/‘1 yJ ^ij *LaoIi 3t-h A ll jf$jS ,jM SjLjll »jjk iU*4j QjtjJ^iy I 

«JILa oili^ LS ii^Uiu JljJa JLjVl jjpSilVI tdldi ‘ ^ ljL» < B jil 
t* ^jJuJI JaaJI Jj>Ja 6*- CjHJU^y I JculjjJI jl j*Vl Ujlaj . La fU t wjLaJ Sji 
£ Ijjl I j iJ^jS Lkdujj (A — V\ )j5L£JI(jrU£j . jAll <.j£ l* Ljj j 

O* £ 



(v) (I) 


( A-V i) J£*i 

IjLm (^jLuj <J£1I Ijjljll <La£ — ^X) ~ *1 

• C4J 6dJ^ c/^- jil - *_. 



ale V] *j5l j+JojV a iiL*u* 24a 0& oaLlll <jl j£aIL J^a 

(jie jjJ CV kT Ij^JI ^ua^lll <2Ua t tij % f la*. * I 6 j lj_aJ I olakjJ 

<*.jall 0 * c^l^ja ale V] Jo-jJ jlll la* j-u*£ ^l»Vj I £ju isul^Ill 

T 

. i c 

Jie. p^Si ^1 Pauli exclusion principle Saeli <1^1* (1* 

U* £Ji> *^a tr**J alaeVl ^aii CjHjlP^V a£* a* j!>?> fac 

allal < ULatJ i^ual < A . ! jl. t i* 1 l*i^>^ cul^ Hj ■* *1 H » l^j£j 

(£ I <j i m il (mj I <Ll fj I IS j l ul l I ^jLyj JjU^ ^ ^ (Jail 4 jKl I «K jaJ I 4 i«^ jjli 

J* m (jlllj i «_eill ola ijj .>>11 ciL it J ^IVI <U L>S ca'fO <ol I<*n -*ll J»n <I| 

ijj (| < j , >» ^~ > cS*-t alia! jjjSZ £jj ^Ualll ,jJe iaxli <jLJaII ^a*J .o(^>j-«>iS 
l>l fLajj ground state «ixiA jVl <Ul*Ji jijS ^Ijji v <il«*.» (j^IUll (Jj«*ji.l 
J^jII * Ij^l JS J * < > vital I <jjL*I Lfll 1 • ^ JSUi ola Sa_*lj 4 j ?\ 3 ~ a 4ila 

ijIjJLLmjI <11*. jjj j4j£ gjj Ay*\} j J “‘ *' i ijS*i <-»-*jJ.I bv u Kj l I ^la-aJLujljj .JiUll 

fjlc. ,*•■ ...f «*»> L* |j| aaila j nntr>l VJ jj|L» jjjjiilV I ^jl jlt.if (j 

U 4 II Ijk. ^ 5 J jLiel allly . OjijJ <^y» cAj$k ( | . m* i 

.ijykj* alia) <7E jlitui jjJall (jj ( jletla>jj «t<,« nil (IjjLuujl* 

*^»j|^tl Jj . I d *• J 4 « jtUjjjb — ~ (jjJjlj <-ljJou »~ all 

tliii -kjV lali I — *1 .^*>-> »till oiLilji ^Ijjl a>^j (je << 1 ILUI oiL^-ojI I 
ojjI la[ <lV alii* t iajill oU<) l^bjU £*a^j L»^ <^11 >till cLwIji ^IjjV oUtl 
I taA Jjli <(^uu* jaii ojxej < <*J I JjV I ^ cr^ ^f * 1 ^ I 

*L»!l ^ «jlalll (jail j «Lej « % 1 1 ^ (jjLill I <j « ?> (j-* l !-<■»» i‘» 

1 »i"i ^jjil I <j4^1 (j-l^ll j} »*» 1 1 o I is**i la^j ■ JjV I j j i~ J I *L^jV I—* L»j » 

L«Lu <Lja <1 ^all jyj jk _>-uG > 1 M l a >t i allljj • l j* «* 


vvv 



jjii &j^J Jj {yk ^jLLa Jjii (jl 

. L*jIj j»-*n ^jLill l±ij>4&\ 

: (Josephson effect ): £y*a 

^_yk j i jij <JLiJa l a. f 'ut (jlijLi jji Lt^^« (ju^Ljli <il J uj^ i > kilu’t^i 

(b |Jc. j_>Yi ”JI I't^ i I g jili jLjj >4>u X— \ ^»im ^CL* .u i ..<L£ <(Jjlx. 

ill «,<,» SjLji JE ^ | ^ju-OQII gcifeui A jLJI AXu «>l<A>0 . 4 _t yj L^, <LxloJi 

J4J& £_ljjl (j** »Ti iaai <^£ll l$uil£Lk4 <Lkwil^j SjJkliail 6±Jk j j- ■■•** . <ljl*JI 4 it to 1 1 

Tunnel effect.. <$x>«l I jliiVl SjjtlLj 5JjUI UJJf jljli.1 

V 3 4?v> 4 JiJ? 

V = Vo ex P ( ex P (i 4> ) 

iImjUII IjjL I jjj £J 4 <£ jAj >* ^ 

: jM <L<^jll jji jUI I s jluJI l jj^j & <)>2 iL^ll 

l s = l m sin (<l>2 - <M 
= sin8 

OjjI <kUi {£*U <lua^il jjib jl^Ji V Ltjlc £ijl^ jlu jj£| *><• I m tLuak 

. I jl «f IfL* (ji'fclll {£L*\ L*xl& LjJaj i^llj 

( d.c. voltage ) V tuli <JJLL <L^>II ylc. jjYliII akj 

: <lj(*LL (jirUj I JJjl* jIjj JlaJI yi fj j£jj 

I - I sin (5 - 2 7C ft ) 

t = 0 4>»jll xlc. JjJall jJk 5 itlJA 

: <UjLsIL u l « » j j £y** JJjJ f • 
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. culi ji h 

jLu Liu **^b iL^>M ^lc jjXgJI J*c ^(X*i 

f = 483.6 MHz 

iijj ( c/h ) 3^2 C£i** V & f ij* J& (juLhS fji *t I S^j^JI U<iU 


. JJA 


u ^‘yuo i- Lij fc a» > > Vl ~J <jL all ol * t.tLktll ^j|| 

: ijjjiajy I 3 a 1IL LlliiJt iu i 4 > a-ll Jjljl <*£11 SQUID 

.Superconducting QUantum Interference Device 

ijlc. »* u ^ — V \<JSL£JIj££^* LS ) tJbjjA (jj I jJmj 

. ^uulaLuUHljAilll 



3lt ^1 1 JUj ^jjl (ftMjA * uai oAxill ^ ^ jUI I jLill *-Mpi 

f i dlj^ <<w<LS ! jLs 4ia»3 (jiuiil i> <lfls ol£l u^ii 

z t .*. ) . 10' 14 T ji..All ji <U < >jn i jV>r * * < oVL*-* o“U^ otiU 


vv^ 



.( 0.5 x 10 4 T <u^jVl3 jmjtril.iiitt JLa-* 

oVLaJ.I_j . <t-UI CiljLoll ^Lil loJoJI oVLaJLI ^jk LJt^ ij+aS I * jji » 1 •*■*» ■ --"(j 

( _ f JI j ■> fjc. ^ /..jtrtl *. «tl fj**\ ill j j. .il J-jjjV i^. j -fcl i 4 >tl djmjtnl *<itl 

. jjjj <aL*uI (jLUj < 10 5 (J)g = 10 "° T.m 2 

SjljaJI C.Lj.jJ lie Si: tut 

(High temperature superconductivity) 

<ijli (J ic Jj »<•>-!> II jj^jLakJ »Ltl*Jlj SjJklii oil jl* 

JpU l*Jj 1 1 I (ji* I <<» JA ^Ifcl CuL^j .fjUUj* I l|*il yjj {jj& 

-^-Hj-UlKNbj Ge ) ijUlcUl T c = 23.2 K ^ SW r L-* JL-*. 

^y» oil ilu^L Bednorz and Muller *> n ijq ^jai ^IaII I jji .^uUjat 

30 K ^1 < La., Ba j Cu O^^la^ll .uni^tj^jjjLillj 

l *>*1 i ,Ja«j >Uu ^jjll oil ithl^VI I jfJ S MV ftlc SjliL*. j^ic (jULdl (jl^A JtA> 

.mull o}L-^jll La^i^ll 

^ 1 1 (jjj "* ‘ 0-*Lao#ULJI (j-* <fj < tjicl WAVfUJlIJ^ 

L« (jU. Ij ^Laallj jlj-* <JoJlio 4 jjL <j-» jjli 

: jAj * 92 K <»j^l mU 4jln^» <1 ^jll SktULI j^ L uilj jju jxu 
^l^^jj^^lSaUNi^lTcUj^lUjJIcdtiUj Y Ba 2 Cu 3 0 ? g 

CjSWLH^ oiJ ±^ * JjLlL* uAi J)*-* ( 77 K ) JjLJI 

(jl J- «- < <-o»LL Ctftlj m < i'll ill Oiuc^ll ■*■- ‘H t_jl^i ^ii JlLuJI 

.^J«Ti II <Uj_yo J^jUll I JJk 

j* jlj jJ. I oil imI 5 V i^aUII <*>roJL f UVl iii ijk •L4LJI ^Luil ^i 011 < nil 

: <ullll I J^IjaII OuUjll Cila»j.xM Jic iiSUll Cj}Lo^jll 

. Uljj I A-fc~j oljiill JUojI^I ^ic JjaaaJI — N 
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o I 1-4^ 4 1 00 K jjc LjVbJI ij Ae j Jjjj i jl^jki oLkjJ jl^ll * J_|J — X 

, H ^2 LuuukUAaVl^* 

Ji» i • dJl^j — ySjil u* i S*il ill I J I jjV — X 

<i!UJI <^L^XI <jl LJI& jfiilljiLyljjll ^llrwl — <iljuJ.I 

^a>)jll (^* qIaiIoI I tJi iil5£ tj ll'i l jll u& QtAau^l (_>uL^JI CiLiilt fji 

J-UU jlli J j^y* ^ic. I jlc. i | «*i> 1 1 oli^jJall I j < ^ 4^tl — t 

Vint IfJ .tillj jJcl C4 _)_aJI <Jjl (LijjJI tglgA CagJ Jot 

SloaJI jjJl L^IIa OJ&luill •LuLg^ll L+Laj julj l^ui 

Jplill <Ak^aJI <abjjll £ji j * [J.il oLiyUCuilll (JjIjI iji <j|^jJL jJa^j 

.T c = 125 K <a>jj ^yl] 


VAN 



$321211 Ui^)l I SjJlUi Uixui^JI CiLjlaJI 31»m(j4 *jV bit - N 

Su^bJjVl t>» £M^ Slla* ^yk JJbj uL$j H jojGj^U - T 

% Jill J^>« »jlahj] jlLu cL2^ ? ^jl^II jLJI jaU — T 

<UlaJI ijaL J faai l*u» I^jI CUil <jjj^ ^Ijjl jjjjSLu ul^ J^Al 1 
$dll jl LkUc ULuJaj j£jl $ {jaa — U Ujfr *. yulj wlL* — 0 
oi m-fc 9 Jili < ^i T tloir< At tj>U»j <«> il > iii^ — *\ 

tDiubUilt I^J uu. Jk ijL^II aj5u 

. ~ J li’i u a liu^j V = 0.5 m V Ujji ( d.c. ) IlIj ^ j ca<^j — V 

S^SLII jlull U*j1 


VAY 



( Cosmology Physics ) 

J X i t Jlj^ ^ ... -J l 1 ^1 1 -. Tfc J 'y i (jySull #Lij_J — i 3 — M<l jXi Lr a^>|>_^j L >£ll f-Lc. 
olil i ulljjila <jj£il <jJI t VL« olu^i JaIjuII uiltj jjl ui , vi villj Si iViJIj 

1 1 « ^1 <jl..JU j6 SjLc. Ct^wkJI Qdujl gljS ‘‘ 

tSx^l^If <_ulill jj-» j uill <jIa <il tum* ^Uij >j Jill J)l l*f If I jlu »jaA 1 I 

<-»•*£ (ji <A>ljf ^jSUInL^ji J,] g^ljj . Ijiijlii 10 X 9 <1lJI 

^OJlil^oUdlah .<ui v-jjIaj * Ija ] (<f l ft > LJaJI SjJlJ ^kJLA <.|J I«I uAclirt « 

Cililuu^VI (jrjj JojjJ I 3 j£Jil I *?< j> Lit I J3L1 4 j ii^ jt (JpLiaJI ^ J u«j 

• 4 a 4 j£ll jjl^lsJI jAutill CiLjioj ^.« Am <<il2aJU 
i K ji » L‘vA-tll rjul »4 4 *fc n» j ui’i ^il V il < ? > ~kii ( f J ail I ii Jffc.UL »xJI jjc. 

I Xfl LaJJJ .cHIA ^ i.-fc LAil Ijjl ^UJU t*i .(jj&II yi (j&A 

oUu-o (^uij I4J <,‘i a£ll viljlal £y* Lull <-»jUJI ^I^aV^^jaaII <j 1 (^AljuiVI 

.«jAjVI JaaII ^ l^uaau (jlJI £.(jaVI ,> W^Uj^ cK»L>^J 
(jj^ll *LiJuj tji I t m j*>j IjjJ <LujLaJI S3J • lL.ll u^jjdl (_£jJLl I £% * ^ <*?<> 

^U«.a ijJk J 1 «**>uill gall** <j| <3<>uJ <LujlaJI jjjali OjaI .lAlxill <jlj^l 
* 1*1 » * 1 1« * ^JaIjLu JX\ <JlLfJI oltjul Ij oLiLJJ j)A ^cjJL <oVLaJI 

ji ^rulji J-**" Lajic ^Intill pitfall JUk^V ^jLauV <aUII LujLII 

. 4 a 4 j£)l jJkljJill tj**A J ji 1 »>li 

: (Big Bang theory )j#til /rr 

{fyw 1^1* j il 1 »j < ,*n ^JI SuJLj oLjJull * LaLJI 



f > ifc J UL>^I tjl jL^iiYI <J“-* ,J-A ix^ij 

I Jx ft jxS <jjL» <ili\j < t jM.*i tJ I ^'V'ft JL_al iji?if Jljx <iO 1 jAi J I ftjjii < linm jtft io 

18 

■JJ j J Jaa J L«jjj *jjJI J »jL» <ill£ X 10 J] J»a %" » 

Cul£ ftjLLI ft Aft J-il J ftjljaJI <ajJ (jl LS . laJlx |-j| *1 1 J*iL oLajS* jl vl»lj j OftjJ I 

12 

(fji ,ft ’> a Tt <LUfJI <jjlj_aJI CiLftUaJI ft ift XAj nJftVl jjfc CajJ 10 (J j <iaLft 




•I | - <jl Jt < ~ » I i-» jj ,‘n^JI ) ft ia li jjl Lii .in ., iJ»4 >_iJI • Jl* Jl I > I ■■ ■ -• I 

# # 

ft jLa * i t. .. i .-. 1 *i J ■ X jl -fc fti I Caft >^|,1 ^ < I X^ J i l*> <H lx oUaJI a > I Ax (jxLui 

“■Ij * (ja f l a... I I jJ ft I_jj La jV I l jJk <4 iLft a CiLft^w LfJ 9 1^1 ^J| ~‘ * ■ - * 1 Ij n_i 1 1 i iiil I 

ftSJI JJa~i Jl Jk > M j laa Iftll (jc ft JC Lila l^ajax pjjxij 



0 ' -rO 


| ft ft-aJ I Cilj xll Ci I j ft jLL I ,t . .11 

1 * * -‘_‘ ^ till . .1 ^ - *■ 1 1 9 Ij I (ja ft jl I ft I I 

All . I ft_ti?ii llaw Jjja oil. I ,j I JJU jlx-ijV I 
J] I'lW ft-ftll J j -ft Ij > ft ft ^ (3* *** ^ A * * Laa I J 
J I oLLJ I J>xJL iJjSj ‘aXHij&J UJLH^I 

• tj*ft-a Xx jfc OUJI ^ ft ~> i u a Jftj l a.tftf ftjLa 

13.6 y ds-?0L)Je-^i ue^ *-*LL o*' 



iajlj-xJI UOJI J Lulx IjLi .J4J (jjjjSJj 
jS-aa J ~a ■ A a ft ftll ft Aft Ja Jaja (jl i.aiV 
l-*aj>-^ Jc OA Ijju (j] * 1 I 1 o L)-^ 

,ft> ft ~i i (jJI ftjlj -all <-a.ji -ft vJJjJ • <jj jJ I 

J»Lii Jjl ^ftj « ^ ft <11 oljj lAjifc 

1 60.000 JI>» Jjl*: iiliJl ftj-» 


(y \- r r) 




<OaJI Ijj qA 3i+lill ftjUl OJji Ijl ellj cr kj ( kT = 13.6 cV ) 

* 1 a j jju L*oicj <(_f >.VI I oUa^JIj LLtlik_4 jv»jjk|JI jlc 

•JiSVl ol^jJI u* 


:( Formation of Galaxies ) C.U-I1 0jfi-V rr 

(jjiJI ftl »A i yk J J ‘^11 jl ~- *WI XJU 



jlkliVI je ~* jjjJI <3 >| ill I Ui-.JI ^ 
l+Iilii cJU-A jjli JuU .<il5£JI ^uulaLL* 
<jj I jaIoJ ft _■* '■ Jil 1+jlliS 
jljldtl ^lc ill] jJ <ajVi ,'i y£j . kiiXaJ I 

^ ■ ‘ 1 1 > .u^i jS I j^k </n£JI »( iA i jj^» ij^fS 

<»l i* All ji >1 i Jll ijtil ^ jjc J> a i 
IJL*. jj Lull ciIa»^ 

galaxy 

< j__aI j ^LLi L*_» ^ k~>il ^ ill £y» <ljU 

L*< L.UJI ^ojjIaJI Lflu U-J 

<Sj-aJI a~ » 


Mjja II * 12 jJI L^oic. 


j£j~* J>a * ja! I ji wil A > >'i ^jjl j] I <-£j-aJ I l i < ^ # LL (‘i ftjliJ ILi-aj 


jAtJ J n ft( j i jiVI ai i jc oIjaJL I ( j ii i i lII * 

. oV LJ I ft jjk Jlj Jjj 1 t> ml ft^jU^ j4j ft 1 ftj jtu J f jft MaJ Ci I J i^ l I 

Lijjl ■ SjAftll j^j ft^ail jjktj villi lj|J I ft j » \j 

jyL - i^jAi jilt ft ■ Lj>. ji_* yi*l iiAs (+i1 Ui 4 ursa major ■ jaj&JI 


VAo 



»Lajl (ji fjja (X-TTjjSLuJIdrJ^JJ <*!>!■< u.* ^jlc. jljj^ll 

• JjUUaII 

i MiLky way ^ilaall ujii »! >j ^ > q*i^» jm 1*11 luliu ^ a> 

11 

tr* cSJ-*-^ lt 4~* • I '-rtl 5jj-?-U *L*_*JI ^ 

^j mi ii l t N .< 043 -^ <lmlQ (jJI h Jai ^ ye* yjj J£jJm ^jJc <Q«£ 1 I yi Lf i <JJtti* 

265 LAjjS Oj lx* <£j*ui “(Imi 0^200 »jj£ (^ )W 0 * 0 ^ *J > 1 1 *Xk (Jb^ 

0 

li 

10 t> <_jjJLL» X*^j 04 i < 1 ixJI LuL^SomIoJ * 1 * mil ( jJ| 

0 0 13 

lfl*i » J X * 1 * V l£Ju| » L*. JI cJjaJJ j^*ijj < 1*>» 10 1^1* i J£ <j f . < » ya>* 

ol jaII k» * >3 .J£*U1 {■ U~t>* j_ki. l^uflLAj^^l^Ja^uVI Lfl^j ^jLwkxJI 

O^^J oVl^ (ji ^ jLuoaj «l^j « 1 1 irttj Jja iQj^Tt l| li^ IjJ f^callj <ULk ^ 

■‘lj , *-'^*‘ oljaJLI 4^1 .iaj llili • 4oL*ljll o&jcJI 1 tl* SjaJLI (ojaacl Ijj 

L*^ #j*uoJI <c.j^-u 0*90 £- 1 jj I.Aa» 1 | <<^jlil* oIcjmm lac t.U 1 ** 

. (quasar) « jLulj^ » ^<*L I ijcl I < 11 ^ 
< (red shift) * lj » <^l jV I ^mluLj i_ijou <jLjJoj ^2 ol>cJll *XA <cjuoi 

. t£ j-fc 1 * jJ rnl l Ijj <C^>* JjL joi^j S>bUa yic. <LLjLll * jjk X **J4j 

0* (_>uaji Ijj J>tal ( jj Sj <<*> *-* » jj < tjin ^XaU Jeti. <-a^J_* J>ta jjl Jc^l ili 
<cljj ULx* 4^11 Jji- > J Lt *l t >j*ijVl ^kui jjJc j .1 1 <•» * 0* i juil Ijj <*c j.« ~^*l jj <c * 

0 * |uc| jj .« *ljd*»ll <^ljVI » <.**u2l 0*4 <uLJLII j* ~*V I uijJall <oabla Jc^ll 

• iiL U I jt 1 . 1 * ’ll * jXcll jjUSL* Ijj liiXaa bIjacJI <ahljVI *X* (j| jjLijJ SjJllia Joolu 

Ob • J-* c^jVl jjJc 1 »«1 i * (jrJ-ajjJj-fll 5 jj 4 *L - 4 j Jj* J*a. Jjin 01 c 4 

<ibU (J-* ^ojl 01 ( J*> I jXa* 0 4 JcaJ) (jMla <c^a JjJa 



ct LajjlS ^Lii j iirtll i <a^< <1*2 jjl o*ji* 

tfj** j. Ua Ii I £*» » Tq *jj 2 (j*j 0*J ^3** C iSj~> t (j*j ^gk 3A3VI 

(j«* ^iol Ijj Xq (j^jli ^ jji <(j<»jll ji ^jimiH 4jjiajil LuJ^j . <a^3*Jf <LJL 

LfJ® ^LUI ^ killj . P = — . , -.. . £u*pT Q IjjLy^ujltc^jVl 

VI - v 2 /c 2 


(j«* <JHII <^,3! I <*2ll £«(jujl (jjJjVl <*0^3! I <*iil I <iLJll ^^ajVI 

•' IT* 

ct = c P To (32 ■ 1) 

t v t <ULu ^U4ill diloiil £*j (j«*jll Jilil ji jii4itt I jj^j 


A u^jll\ < jic. i-uliil <^3X1 JjJa |jJ(j « Xwaljll 1 4 K 1 4 ij Ij « ill 3U <iL«ll (jl (_jl 


A, = ct + v t (32 - 2) 

.-. A = ( c + v ) p t q (32 - 3) 

: a£i f UiJI AuLj^ill CguljZlI 

^0 = A. 0 / c 

: jJk ( 3 «jVl , 3 * L-lL* 'jJLJJI JoaJI <£^ 3 * J 3 L ullj (jicj 

A = A 0 ( 1 + v/c ) p (32-4) 

«.>>( *11 jttjl <j| g\ t jljjl xi J»aJJ ^3^3! I J3LJI (ji HjLaII »xi (j« q iA I jj 

--3 ■ *11 j * - » < v < icj-uJ I. ml ji <JjL*_ll tji ^ ^~*lj . jjJblILI t iiUll 3.* *kV I 

<I^3LaJ j 4 k" jjll <»ljVI jlji* 


: o»ai jxa-r/ ft 

ol 3*1(3 (j* <JuJJI J43L* ijk *lj*aJI i*ljVI j3flnl 

< lie iiiiui* oUjmu .«lj»^Tt <j^lii| ^Lm*VI »JUk ^i«i» (ji ji*> « i liiji t LI U null 

Xa^3 < Le LtlLulj Cj I 3 a*l» I tJi ^3% Ljm juLljj 1 1 — TT jj&aJb I 


VAV 



>_u ullu i^l I jjl LajLx* 4 Inj i hi Sax li ^ i ~t*t 6 jji jjiHubblc ^JjLa u^$jI 

.L^S)I oljxJtl ctlcjuMi Jj.'fcT! Sxuull olj-aJLI (j\ Lie. (jijju £-* I 

: > ii«<f*ll jjJe. S 4u)lj V I&jmJI ij£j L^aIij ^IjUi !ji dl J 


V 


H 


0 


H„S 


(32 - 5) 


jIjilL jji^j (JjLa cutj mj cut!* Hy 


1.7 xlO 4 ( ni/S)/10 4 Light Year 


(32 - 6) 



/ 


\ 

© 



(r-n)jsLi 

Lfl# Lual SXbw (jgiLJU (JjjJa <> 4 LjIjjASj ^1 xi % >11 L^lill oliLi.u.1,1 jj I 

Llj ilff I Ijli < ^jll jljjl L*i£ JjxJLI CjJJU I aKi • 1 I 44 j ■ -*\j 

t A jjijV I L£ 1 ^-c.j.o‘i ^yk i _f^ll fjui klu ijtAil oljXkll 

cl J-JLI J,1 ij 4 W oUuLkill tilt J£ cJ\ . Lc UUII UjLui <1 jUU 

^ UaxJI Jaai jS <2UjJj . Lfcjirt'i <xjj ,jj (^jLuIlV jjlLlJL^j lf^a»l jjx (ji ^jLuuliV 

.JsVl J*-25%J\ ( 32 - 6)iJjun Lf iJjLAojli <ajS 

j£ j-* uj^ ^LilJI »_»jj lUjAd* jjl <4 J<oijV ( V — TX ^JSuUt^jU ^j_>llll t.i-a jj 

L ft * (ji Xa^jjVj jje. L | »< r > at XcLjoj C»IjaJU at* jjl <jL»JLaJ I Jjl jl .jjjill 

f kT >> fcdi>* 4 Ij&J* uJ^ll till ^iaj .^SijaJI j£jll 


VAA 



.cosmological principle IjJUj oj^ 11 fUiiiVi Ijji 

uJoju (£>i!I JjLi jJ| IjLlwI i .i*it jUkiiV I ■*‘« »* 

jjlUn 6_) >» i/> LUhw jjJj <Ljj til villa ^ > i ii^j 4 LajIjuI <? » ■ ••I** » oIj^aII 

.££*_* aau Ujo^l <Ltl-i iv > LajlajI oLa^ i hi oULjV I ♦> 

^ax. jJl tJuLt juj£JI jLaaiVL <LuiJI jL^iil * “ ■ "~ ^aujll • ^*J t i. */ lj 


■j K i ' oU g-v^lj jS*>* 


: joaiJI jl^JLiVl £j.i* £ijldj &j£JI JA& /ft 

j-joju <jjialll »lfl .jaj£JI jlaxjVI d(>kM vjjill Jiu Ijj ail 

^ jLjaII <_a.j a jaJMj . L»L»J *jjL jjV I Crt > ioI ^Sl|jSja >1ll <J mil 
■Jiui I jiirtll <a> jj jftii otakja <££& laa ^ »LAiII 

jl ^ tiVI gjlji ^ Qjl jUiti j il >1 4 ^ _ >i> S [ll ji y i W I <l i\ l ^i^ yj ^ll JU. t *v *K 

itl i. » Cj. mil *Ua_iil I (jujLiJh* v>*jJI *<Xf JUC. *fc ~i J «Cj*» ***■ ? * L)U>^ 

<c^wj 1 <rt>u Lvfjl a^j Jo^ll (juii jjJL 1 • Li ^ji la] v j & v 2 

: ,>* jLau^VI tj>J a*j UfLu a*JI jjMAjjC v 2 - Vj ) jJj3 

S = t ( v 2 - v, ) (32-7) 

L yJu jA laAj < S (jit * u jjc i aju £_» LajJa v.vmL'Ii l.* | > » 4 u^* * ! I <c.jy-JI 

■ *‘l« l^LaJ p I J » 1 1 ikljV I Clliul il 4ft> >IK<|I (£jll Jjli /li ili 


s = ( 1T )V 


(32 - 8) 


Vjofc-* VI jj| 1_« JjU cais J ^ (32 ■ 8 ) & ( 32 -7 ) c*ubbdl 

: <jl (f \ . jjaill jU-iiVI al* (j*** tf^ll 

1 . i / 1 /\6 I j r V y ^ A v / £.i\ V V £f\ V/ 7 V/ i r»8 


t = 


1.7 x 10' 


x ( 10 6 x 365 x 24 x 60 x 60 x 3 x 10* ) 


VA5 



= ! x 9.5 x 10 21 sec. 

1.7 x 10 4 

= 1.8 lO 10 Years 

IjA LIIxaI X-J (ill JobajLjj . jj£JI j— *jJ 3 j IJJ ill I 3 .,* jill fJjll li* 

4 I | *J « jjjj^llll i_jll^l]l « jajll ^4 plj 111 I Ia^ui (joili) J1 | « L\ I ul » l > ll 

.ixu< i’iaxL 18 j* Jil jj£il jyLiiaJI jjuJI jj£j tr^J 

jxj jl* xi j l^II jl ■y iW I jl 3jjJllll (jit j~i ii i^ljJtl jji£ll jIjuI JjJ ~i(j 
jj£j f*j»lll j-» j^l *lj» jH *>*iJI jU dill ifkj j*j ol* <4 > it> * 

If jl i nl »j ioll Ct.j mi jl ^Ja ljl_A . Ijuk wjxil* jj£ll Cjj^J * Ij^l jj* j > 1 i o JJ 

8 

< 111 ^jil jjSJI 4jX». (jj^l ^ (ji 4 1*jL^yua 3lx*i ^jLuuj Lfll ^1 <i£>/j!L* 10 X 3 

I .jj j^ll jlaJLlVI jl* t (^»jll JiLi. l^atai Jl5 »j i*iII (jjli (jjJI 3 * 1 . ml I jj 

*L^kik 3 * 1 1 ii i*iu L 18 i^ 

c.t = 1.8 x 10 10 light years ( 32 - 9 ) 

lljjl jl£ I jl jl«j i^jll ^^ 11 I jjk 4jx^ J^lj ^jSJI ^LuokVlj oIjajL I ^j,*^j 

*jj| £jli, > lllj olj n> »U <t.> u*tlb L*l oLj£xuilll£ 3>,ni(lU 4, > itiKII 4j^-a»Vl 
j*j sju (fjj Ljjj i li_JI yi L+l* 3 tA.ull 1 All <jlu1iVI Jljl ^Li <4jx^JI 

. J >•> . . u 

^ *■»*»! I oljjll ^butyi , ^L* ,M J a jc ji’u ^j SJI ^*c j-* (jla t ll jia-lllj 

jl«li* j^j . j*jll J-* LkcUoiij J > « I <Yi oljjll 4 jfA . ^JJjjUlj Jx* jxaJI 31jjJa 

X^J X|J • jXjSkll jl ~Ji *W I 043 ijjSIl <UaJ jl* ^1* jl I LAj_*X. JiJ-u ji*J J^l t * 1 A V I 
tjull 4 JJk jt*l (J <<lui jjxL 15 & 7 (jjj oljjll 4Ji Jil jjlxjll j *Jlll jl ^LaJ 

H^aJI 43 ^ (J* <jj£ll J* 6 - 1* 

3. fc xu.* ?jjl ja. 3J»LL 4>aj jX 4 jji^ll jLaJiiVI <Ljlil 3 ^ ml ^uajJI JxIjx. ^jkl j^j 
< 1 * < j u> i tll 4 ^jIjjJI ^LaJmVI jLS jl ^ >W I #X jlc. 3 tl«.lll 4 jjk jla. jjill ^Ijj jL*l 


V^. 



jj i nt ■ > Jj» Liu <jjtH Cj I J * j m jL> L * i*4^5j4 jij < <i <ju1(j L»L^ <axu| Jiil^ic 

<> <Hc Cul£ L*c LfJl^lal Ojl Jjlj <^lj-»Vl 6 j* <JLt CiJAaj /ulll JJ a~J (jiau (ji|j < IjCb 
Jmj <j\ b-j-TbJ OaiVl * <1|J JJcJI jjl *L»jiiill oLLuaJI jHj <Ja* 
£ (>-*Vl tj - o -.A JsLoj JjHII I j-Aj .(jjill J_AA t>»j ir bAU J_CJ 
oVLajI !^4cI \ A*\ £ ^lc ^j i <» lj n (juLjL (jULUl ^Ici uuia^l jij <4^_$jjljJlj 

l _yajSl I (J Jc (Hlj jjJlj ol.AnJI SlH <Hj£ * LHj'n <j*uuLuaaJI <kAlild* <- m « j - 

JHj {•* 2 (jJlj-a. jAj-t J>L <i LiljJl ^Ij-J JiA (^Ic oUL&jVI a, ^ 
.^^>11 J>kll II* (> {jLaiilL jl SjLjJL Lijuu LJ£ <A^ill «Lh<^baJI a jjiAOil 

jii h ^ ^ jXwau ^£jJI ^LcwV I pi I irt (juii e L^tdl a.L|J Jj| Jj^j 

Ji jJI ^jlj^JI ^IcalVI Ijjl ‘J^LII jXwcJI <a»jJ J>* olc.jj3 

f Xj jk j.t till jLhiiVI CiiaLia ^tll <J3-SJI oLcI A itiVI (jjjll jjjt (J* t~iLt 

•a*** 

jLc ij a^ jji S^J^II ■-■I II ■ - ^ <j,.Ljill jLaJjVI vt(ji.lA jjJc j-il JaJ J 
jy ltjl La* Ja** jjjjLc t>* LauLauI i_iij_L (jtjiil <jl b- ij> dl ji .(jjill (ji 

,jjk iXa^Vj24%^if4^b74%ajill <$>^1 jJ-*j ^>^4 JIj 

Hj .<jLIIj jaaIjII a ,jj ^a i jjV <Joi .< hj j(j{ (jjAA (^>lVl jaaIIcII ^l^il £j *•* 
JJj^j jjtill tWI » Jlj He .LiljJl Ha jI|I(j J>a ^iil II* Ji (jjij 

j j~tll I ^>*>11 ijk ^ j j 1 * ^jJI U ,j^L»juVI Jj % ~i 1 1 ijjaaj tiiXA-jj ijjjill 

. jajiJI jLjjVI He (jj&I *Sj(i U <LaHIL I+IIa*] (j^AJ ijji ia* o l_t > ^ji|j 
9 

«il ...!...>■ 1 ~~ J 10 jUaHVI He Jet till Sjlj-^ cuLi 1 1L* 

IJlllI <a^LaHVI C^-elHl 1 

jH 1 + ,H ! > ,H 2 + +] e° + \) (32-10) 

JeliH j H 2 ajtHJi* 1 J*lHJI I** u* oj^ly • < j>u +1 e° D 


VAN 





,H 2 + .H 1 


,He 3 + ,He 


* 2 H + 7 (32 - 11) 

’ oHe 3 ^jjJf Jf (jjjjJaj (Jclill 

— > 2 He 4 + 2 jH 1 


(32 - 12) 

75% (* ■ ‘i'» 4^>0^ ^. | I ||| H •ua.U^VI oiUUiJI <j1 oLiiJ vyii i ii-fclljj 

u* Lt^J ...... ill o U » 5I I * jjt 

.(jj&if Jjjii *dJ die j4jSk jUiil <a^li I444J& JLj3j le« .(jjjLlI 


: to sal SjU* 4jJ-o/TY 


fje gt^ual dl)d(j .<!• littiill jJfc JLUU ^au jl (fl £y* 1^1} J J£ (jj 

oLl ^ jZl I Ciil^ U*j <mIjJ JjLu(J jjidtlll >J tjfcll ^ ijlr>.ll Jjl-fc ill 




>iiiegjl die v^JUmL* J!L» l U 


1« 

Ji«l ml 


.< t > | ~il* <-ijL» Ji£ ( j_A (j* ‘>‘*11 


Sjl J_»jl CejJ jU JftJj]l (jel ii iJI ^.ihia] I ^La_Ju| LuiIjJj *‘H *1 ‘^**^1 ■ La !j 


.<a^II J>ty 


i j«im * ^Luij ijilt O^UJI ^Luia.Vl **0 (jl vdMJ^Ij iuiljjJI 6 j-4 ^jel 

(jjja j* l» 5 ^.maJI ijljJfc <L^jJ ^Je L_iijuj <£jUU* ( ^a^« JjJs die ^ <_}Lfj <i 

ijj i nil I <xa^)II JI_j]»Vl Lkeli j^ljJ <ilkll ^ H ^jl^ill ,jlj,( i ~ VTjjS^Jb 

die ^lewVI ^iai* Ui £dj (^1000 tjljaJI <ejj diei .Sjlj^JI Cdiijl L*K 

jd-J (£j-ui d-a^jjVj <».) j t ill »lj 4Tkll Cei 4 iLii > i ii %i |29Q0Q | jj» JI JjJall 

<*• £ij itiiiffci die Ul . li£ld . <>^1 1 <31LJI 

<iittill jji <3LLJI (3» Cu^ ^ m^ll itK>»i i^jj"i 111 % i ) 8000 I J>UI die ( _,iaill 

<le»jdJ ^ »V • ■*!! i£Ji dlldjj i i^JJI Sj^Jiill 






Am '* — A 

u- td 


LLfiil <Jo2j JjX. fj] 4 ll In II ^afcail LI .^‘Jl ol <»1 j i {y* Cxu J_4j 

4j01aJI tiA J* I | |* | J , ^.iU I ^ I irt II < illrtt I SjljxJI <Ajii £A lq<<lfui ■ ^aJoaII 

ij^uJI Jk. <ul^ < jiu jllj Wien’s Law cgj 
X m T = constant (32 - 13) 

j L^ LmJI Si In Jl ^1 I 11 ^ Vl tj)^> tfcjj L> l ■* > jj< ^*1 w UI I Iji ^iK llllJ) 

.<■.!»* >jui jjSV A. m 1| iljLi Liljj ijl^j < lijjfj 

»t I LuIjJj < /n £ll SjIja «L^jj (j»|j *~i <jLjJatl kSJk uuii cmJxIuI 
jL^jLiVI iu jjjill »lirt t jaJI ^U-iVI fjAj »L^j <a 1I < ^ioloil 

5 ‘Ljj2 2 J3LIJ jic Li ^IaJmVI 11a ^ i ifcU £)l j] < j-u£JI 

.{jk£. 3 jj-* 01 Jjju <jj£JI ijlj» l*oJ £)t c^» j,*“J itiijjJI jIjIJI ^l>*i 


w 


: 4jjUi.lt fJ** &W*5-‘'/ rY 

4-iic tUlkll Lt r .,u.a 1*>%1 xii l A.t.‘i A >j j"i «i‘i » I « t.JI ut itjoj jiAi (jjU fclJ 
jjj# OllcJI <^l ( _ r lc o^LUl I j-* {jaijj .(£_)IjaJI £ U_il(5LI jjUuiuj 

£*» ■ . . ..I*.T1 X 4_iilall <AijJ JjSkLut j*- "■ ^Jqjuj < 6 MjjIjJI pi *^l ttil I tiaj 

. ^Lju^iU jlijlui CuIj i i»L> O umljjll CuIj UjjAjj .<aUULI tjl^aJI juV I 




e = o T 


c ■ v 1 (32-14) 

jj^LuJI In i nil .Jliluil (C \ ^ 0(j ^ill jJaU > tui*i ji R jl I t i **j$ I jli 

.•^ ^Jl ,> <^UI <JSJI <iUJt ,4 7C R 2 jji 

E = 4 n R 2 o T 4 (3 2 - 15) 

LS lL yaji\ £vLjjj ( ^Jc 1^1* #jjk Ui I.IJJ .fbftoJI JjA (jj£JI >(,.<■>* (ji UliJI * jjk £jjja 
l^lc JnA .ml ^illl 4 il lull (jU iL ijAjVl jc ^xJI J t j (jL£ ljl-4 ( 0 — VT jjSuiUj^lJ t 

E / 4 7i L‘ : ££jLjjj ^jojVl qUmi jjjt JLitill oIaLmII 


— ^2R}— 


\ L 
\ 

\ 


(o-rTljsCA 


ijt R ill jLi «_i 


u^/an 

j t(U*j l V i *C « j in ^jSU Jj^aj ^jlJI <iUJI (jJLJ 




Flux 


4 71 R 2 OT 4 
4 7C L 2 


(32 - 16) 



: (>-rt)jli 4 

jjJj ^jtl i^aiill jl Ijl < Cdpdld ^Lu(5k jLl 1 .La^jl 

I o-*- f 7 * 1 II ■■ > ■ . i (jlj < ^jl»/ -lalj 10 x 1.2 J * < » • i^ajV I 

o = 5.67 x 10 \ la>jii5200^1uM ijljk < Iji* 10 x 4.3 


; ^Jl <i* <jum 1 I <2LLJI (jj& 1*^-1 '»■ kjjoi'l I ^Auil jUjcL 

E = 4 n R 2 o T 4 

U<«i i.tilf. iAll (jrtj ill < tijl ^ IajJ T < phalli jJLS v , i 1 *1 R ^Uki 

1 ^ w m-8 _ 4 7C R 2 x 5.67 x 10' 8 x ( 5200 ) 4 

1.^ X 1U ™ ' 


4 ( 4.3 xio 17 ) 2 

^a 4 ll <MJ 

R = 7.3 x 10 9 m . 

^Lj 1& (jl (jJc Jja It* (ji.A n J) jJaS i imi J&tl Cuill * JJI 




: o«jVI Uii4-v/rr 

<a4j£1I <jLmuJI jj* #lj^1 cJLuakiil <(jjill jj. 51) jlaJkiVI Jj u <4 1 ..1 l~t « II (j* 

c> y n > lS‘ > l l fji I4I* J£ ijL^iiVI (jfc c i Vii ^Ill 
<ilkduJI • Ijok) iUj (jl ^.j fjiwl < 4 ^jljll <£jaJI * Ll (j^ili l a> 1 am (jin <il iLIj 

<£jaJ Ij <JLLJI (j^ ciLajJ (ji»i lilll i jIap. (J^Lii jjCi * ja£i oLcj^uj 

Ji ijiuJLII <^4 ^jajl jolii * LjjI CiLaLI (jjll U *> mil (j» # lja»Vl (jl 

JjA <La^jJa 1 I (jiiil 1 jjjj cJljLi jlJI <<_£(}£] I (jj^ll v t?Kl cililuu ^aVI (ji o 


V5o 



, 1 1 <jlx mil CulSt jjlll ij I < oV I dj*fcll I l Iftil-kl yl^ *(JUA juull 

I LAjjJqj dsJj_* (^OaJ yi S jl Irt'u Cwl£ (jl ,jift <ljV I ,j_a j*j£ cJliA 

o* Cfrs^b lA^ *r^ o* 

t fLuo-aII Lfljlj^. £ Lk_Ju| Jjj_>lo (jc i> 4 <> -l1I yi jjijV I OXxl Lajicj .£g£jjail oL^j-i 
.»■ Li A 1 «*m <iiiaJI jljllj olllii-uJI iji LuLwl 0^1 ^Jl 4 I ^ijIaII tj itl iti O^UlLu 
jJL£ 35 ^jJI^-»i <■_> i AjV I SjLLill da u» Jaxi^L* ^JLjj . j^j^l J-aj 4 j4^x 11£ <JLilll jljil 
1+1* 1 * “»jj > lji^}L£ i — * V i ^ 4 ^ 1 j IjAk 1 - • ■■ ^lj> mantle <>1<^ <>l» * 4idL 1 1 t I j < 1^1* 

£jU L^jla>jXml » UjI * ILLV (j pLfc^La»jV 1 L| iLlx djA*tI Ljk J j ^jl 1 £(_). t ~k 

.oULLJI 

<uo^jVl 4j(iijt-iLuLlt Lm,Ya ^1 4 i 1* JJ t XdaJI (ja (jj£a < aUt a & j| ■ 1 i^illll Lai 

■jl ^4x11 t.tlill Ixk yt (^uJ oljLl Ay$y 

li t f L » m V I Ju^LuJI Cbjiu M t m 9.3 jjl (j *>> t j iyf j4>Ui jllal 

(j-a nAi i/> (_>AjU liXxl IjLl . L|.jlf. <. t .. U I jljJJ Jji > a lAl l^i yu LjJI (jjj_)Jo (jc. dli^J 
(jjLfill jjlLill LuojI 4 ^*1 ,jl Jut^Li 1 U y* <JI^ Ifj yiiji\ ylc. 

(ja *> a jJ_ill At yA li4_a^J 1 4 Lt , P b‘° 6 (j^al l_|J.^l_xjV 

^III 4-j‘t aj^ll S J "> ill J^Lx J*fc a i^>l 4J v j.oi (jl ^^jju dlj (ji— i irtjll 

Jj -Lfrt ll *4j» jaC. (j jSu dlj (xK) ‘ ^ (jlap J^ iv . rt ll 44Jk (jju^J jutjLj ,j^ CmaJuI 

■ <t.i till ajlll dill ■ jac. jJk 

Jjl\ tCtLj i.-klL^ (^ajVI ( _ r i £i j-i-*^VI jljJll j-ax JLt.,1 ^ll OLjia dljj^j 
^4j Lilli <-AjjJaJI y*-> ‘t~<J < <tll t>ll jl Liil J I rkll SLlaJI j4 1 rt a (j-a ^L^aI "■'* jJi (jjSj 

Dating by Carbon 14. ^ULI u>ajSJL 

jdii (jjilj (jr a aJI i— i^LJI (jya^jli ^_a ^4lueul Lajlc «L^j^ll LxJuVl (jl d| > *ll (j>a 

: JLliJI JMi (> 6 C 14 



,N 


U + o"' 4 


1 14 


, H 1 ( 32 - 17 ) 

C *" - jUxIl < JL > < a ! m£I I oVx. Lill I 


7 ' 0 " ' 6 ' 

jjj Ji^Aj <^jSu ,t j>j(j , < 1 ^ o VT < 

<^Lual«L ollLllI 6 ' 

*Ll^ J£ ^1 (j\ . oLjLaJL pL*VI <Lil£ ^ij Jilll <A-aj < 1 mi(j Iflljjl 


-12 


10 x 1.5 ^ Jduaj jJLil (j^Ajill <L 


,* iHii 


. jl-ll 


jC.1 « iii I iaLJtij lf^ UL ULuj LwLJ < <a! l^>-k j | XajLaI LlijJ 

jA L > in>*i Jbi I44 ( j£.\jLu 4 , lt\ JaLwlil (j I ^(aa <£*£j,l I 4_^jJ 4 i>>Vi 

, < 

<> a*\ i iirt'i » irtl 44 _^asJI *jjk jal ^ji lijjIeV LaIIa. <LpJJ SjUl 

■ <4jum 0 VT • g C jJmII > , liO >1 f I < ^ itll I I 


? ^ IjUj - a/ty 

^jllj <(jj£N OuaJjJI oVLaJU fjc. <iiaLa. oLaJ. Ji^rtH Ijjk 
4 » ■» -*- ^ 1 lA^tl ■ .^.«*.7llj .11 ^ jj^ll ijAjAtlf (|)4 1 tj*l^ lj( *i . m <AIa JljjiV 

jjJkA (jl JjV JLaJI IjA (_|i f^&JI (J+4I (jl JaJ^J .<fi (ji 4_*4 ^jll (jJlLl^UI (jjSJI 11 a 
tj. 1^1 ( jj| (jjill (Ji 1 1 nt lllUul^A (j-AL» T J*JU I jL^) : JjLl-oIII Ijjk (jAjJI jin a Jdl 

. T <ijD*II CiLijialJ I 

I |~jlj jl jjl I )| ) 4 ^uaJ « Lie i .1 al.t • <aaLa <e.^Ao4 ol >aJLl 45k ja, Oj-aaaai I HJ 

^ »*'*■ ^4] I «li£j I j£ LaaA f>L.^>Vl LaL* 4 ^tl-fc'i <04*4 L*J£ 1^**^ 

.<1LHI ujj in 

(J4»ULI {J 1c. Ja4U a 14 j«I | > A n j jolj-aJ.1 CrU ^-jj l ■> "i ll <L>i dLlA 

<4&iiJI jbuVl ‘ ‘‘ - •■* SjiJI AI 4 J jjUlilll ji I 4>ll (j-» ^CjIL <4 1 J J-«4 <X.J44i 

ol >?JLl lJULV -jjliill j jVi ll I Lfl 4 J (^ 4 jJ I jjj-» ^-« L|ll VI <^>t titiwVl ijjjj 


v^v 



Jj (jl 1 k A fti (ja yjlilll lap Ifjl (juSUk ftLaul ji olx-^yu LfaLUklj 

^(’i'ijj yJaJI jljjl US ojlilll jV n ~fc jljj^j <(j&L*!Sjl ^ij (jjSJI JXu 

^1 ^ulj Jiul : Vlul^l jISI ^u^itl (^1 ^jlAi cf^3 

^ i i*n ^y Sil jj- 4 Cilj ^ 1 1 (jl (jaj > i ^ il ^ > I * j JJ* i 

. ( *\ — VY jjg *.tl i.^i^ L*S < JJUj <JU !jk jlc. oUja* 
LjS ULl« o(jUI (ja jUIl Ij^J jxiiil (jjili jLjVj 
^L uV 4 1 mllL »jj > i<> 4 iUU I * jji jjlj .iilulll v_»jj liSj ^ *i Uj >1 r IjijiaJ > .!«*» *i 
LfjiLaJ (jlLtl 4iUU I * j jk (jl l*il_f%*i I jl .oljUU (ja jjjaJI ^Jc ^jivi l | jSJj « y « SJI 

. (dljoUj yll.Lll jSu ) Ij ti^ ^jLuu ft^aUI ft JJk (Jihlj ^OjjUJI jjSi toljUll 

cJj-aJU < jlc <Ljl^ t -Li y»j V M iUVtl k j-k ( ‘|» SJ I qIj ii * » -> (jl (j’iij I jj^j 



(A-rt )JS-i 


.1*111 j 

< jSijXI iji ijiLjj» l*j(j M iJ Jk <LjSll <iLill * jj (Jaklj SjUI <JiS (jl jliSr.l (jSU 
cLx L|_u £>j^il .UklLI 4 jj^ jk. (A) ijy_* (jlc. ijjj <L 3 S 1 I * jj (j|j 


g = 


GM 

r 


UjjS £jL -3 

(32 - 18) 


<JjL*_ « (^uii (jJk ft JA (jl , < 4 J jLkJJ (j! Culi ji G 

Ctili J*j 4 (J-* (jSLJj i<J (jijVl yj ^1 LftUjJi <JLcj^kM .(jAjVl (j* (jiLl 


^jUftjVI <jc.j-wi Lii* » JiLr^j I j | j $ l j *> u jU (j ■* Ujll 3 £jUI (ji j >*i i nj ^1 (jaJSU 

I jlj <* 4 >oL JjLUiVI (^i ^ 4 jUJI j-kiU yj^l (j-* joSl cutS I jli .oIiIjLVI 

.JUjJUkfcl^fc jSjl JiloiK 

<V Q u* ULk A SjUl *Lcju< (jl o«oLuuj£if ^ C*l„>aJ.I <JU (^Jc till j (3 u l w l j j 


: JjLft (j_jili (j ^ (jjSj Tq jJI <jlyJI yjJ Ja^jj Cu» 32 Lill jS^» <ja (^Ul Lajju (j|j 

v„ = H 0 r 0 (32 - 19) 


V^A 



v escape = yj2 GM / r 0 


M = 



Po 


v 



v 


0 


> V 

escape 


(32 - 20) 

: (jjl Po Cul£ lj^5 

(32 - 21) 

(32 - 22) 

Ljmi JxA ^ j 

(32 - 23) 

: £xj&i 


H o r o G r 2 p 0 (32-24) 

: a£f ui jl 

Po £ — ^— hJ (32 - 25) 

8 7C G 

' V>* u*' jjiil 4J»J (jl JoijaIu Jjli JlUjJ 

Po > — H l (32 - 26) 

8 7C G 

JLau i^CIIjLuJI i^uJjLaU t ji <ujLaJJ Cul^3 H q JjLa OjC 
(f jLmJ.jl Jlip o ^jilSkJI 4ai(j& inn|jl« Ijl JjVI yj J JXull ^j4 jaLuUui (jj Sill jl 

.<aj 2JI « jjl (jc <i££ll JLu^jla Oj(j I j| jj* *^‘_* ■ 10 X 5.7 

£|UJU JjLaJ l,«.ur < L|_t« fJLi jjl JjV jjJlJ I Sj_>*i^H »Uoka>Vlj <JjII ^.A-fc ^ 

: Lila. IfJ w-ijlni. I <a42il jjl VJ (jj&ll <ili£ L» « i(jx* 

po = 2 x 10' 28 Kg/m 3 

.<j(+i VL» (jJ] jjulll jji jt'noii. ,'i<5LII jjU 5 «jill 6 J-fj 


VM 



£ l^j f ^rk jl ilf. I jllalli p q <L*uJ JJ.UJ ^ jjJj j X'.t u jjl i.i^j LiJ^j 

<ili£JI fa .ti ft^ jjUas £* £y* <;uL* ua»u njjJkJI 

^ilj {jjk <tl5k jjJaj (jl a) »llf>-^l tL_>UI * 04 ] (j I . jLIaII jjujlaJL 

fdtflj < ^JaliuaV <iila» f\jaa Jjaj) JLlikl a)L|i ‘juij ja* J^l lauj * j 
<xL£ oljLfil j>c SjLc fjAj * Black holes e I^jmII c^jiuiL j«u>j L j-* all j jj-» 

t-ijjJMj <o( 4 jlh>^ < jj &L tah-c, Su>* * (JJ-^ jla-fWI axj LfL* £11 fJ 

tfV ^-4-waV ujlj v-ijL* JLaa # 1^1 v_o5JJI *UJk ■ ■ 1 ■ jj .oLfuVL ( 3 * l|*iil\^ 
jl L»L*J Lilia .-liill (£jf dljlj ifjtUkll <Cjm 3 * ut^ll Icjm <4l* 

4 a itiVl jc >Ii^iiiII mj***!! t>u jt 1 iiti^ll j|^i| aj\j • Liu ^jjjV 4jL jj } **ii 
l^Jqjimj L|u)l LfjloaJl * Ju Joe < I 4 J < Uyul I jljll ^y* ti>« ul ^Jl < <jjlll <ty>j »>ill 
i.itini c>Labjjll (ja qM&l a^li-* ijJI aljXI alb ijlj^. *La»jj J ■ ■<»" jjj <<«jjL^JI l^JL&a 
jl lijjli f Hall ..all I ^ 3 ! jju Ll • i jLm Luul ty& jjirti allaO *^a«ull LLuiuVI 

i^wl i.ij V J A jtj 1 Jl O l i IiV I i^uJj UauljJ ^Lv^g !j^i 4 ( V — Vt 
(J&lj - lj-a-a J-L^ Ajlai ^iuu ^jJljCygllUS X - 1 _i i 41 fu**iL i_Ai_>JLa 

jLi ^uil vLfi Jl c4>m j2 jiumJI jl yl« JjuLu Lull y< SjULI <Ali£ ^xu jm>'i 


■ m t <Lj*u <]jLa *jiwl > lu>*t cut mt 

v = V2 GM/R 

30 

10 X 2 (jufci.itll <£lS < •jij j * j « ** 1 1 <Jt v_<jd4JI ,jc. ^yLjjAull uLj 

: ji LjLfil jt ^mLII i.ii^JI jLi i ,imi jjiu <^1^ 

„ 2 x 6.67 x 10 n x 2 x 10 30 „ _ 

R = - » 3.0 Km 

(3 x 10 8 ) 2 

u^ui> ^ >fl> 1 I ail I ^aj.1 y< * l^joull l_4jjbll j* kliLJI i/ku . li’Uj j 

jl Ul i L^x^LlL voilll ^jxi U ^ ii) j* ji fAu jj a LjjJ jjliL V] 1 1 *■■» (^j^V 

.f ^CuVI i >L«i I .^»n <a....ll 3 ju*V I 

^ « M • mm 


A.. 



_ # 4 

i n-fcVI aj (jSLjj (SJi^ ‘ J-* *jt«* (_g^ O*- V <’> *-* <-i*M( (jl£ I jj L*l 
c Lua^ll \j * **- ^Jl (■ l^j-i.olt j* II jjl oUUtl j ‘ *■ *jj , jjlj£ 1I i_ijL^il <JLa^« (jjjjia 

,«•.!> ->.*yi jtf.l-.l -o ...~ u The Boundary of outer space, 

UjJaIJI jl Cjjj c*ili cLu^j ^UVj l*U c£*jrf j] Horizon of events 

: Jjiil Ij^J Ulii^ . 4 a yujl ,_>>*t (^\ t, iU> 

i^^il <s Lt^jJl (jja I ^jk £jj^*JI jjjtt^ll (jl Xaj < J i i~i i lit I (jJJ U^iajLjk I jjj 

^Jcj iLUdf ^jk j^LllU.jjLjJI ^_y* ^*i > i jxj lJj» 1 1 H jjJll I « Ljj >11 Ui> ijl jj 

. jUttiJI V|j i y lalll I jjl ljj£ljhi jjl lijLaic s_jlixu 



A.\ 


ijvj <J>UJI (^uLkJ jjjJL L) 6 <(jn»*iiH ^ U>u Sjlj4* jjXAj qI'Xaj >ii^ — N 

$ ^jAjil JjJJIj ( 41 * jjLrfJI <ij-.il I 

5 tic ijJU-4 CtljaJLI jj* fijiL ^y ai jSjA jjjiiV I jU £— aj — Y 

#l£l » I ii til j r>^l • XaaJLV IjU £j^iLi 3 jjj&ll SjIja <-a^jJ CwL£ Ijj ~ Y 

9 #Liill u* 

jaL» jiti-ft ^ (jj4j5i jU£ Ijj LuLi <4jLfe j-»x. jjiLo — £ 

9 j-jilll ui liki <,<>■ <r> ji jjjll JaIjaJI ^ Ay*y+ 

iA 4 £ jJii Xajl . jijVl lni<< ji& A i_j >J /T^ / jh.uj 2 U «. igll cul^JI ^ * j * ^lil ~ 0 

$ J i fckitil I JaJj fjJjk Jj L^jj Jjauj (jill I 

^1 J-Vl ^l| JJutJill J >114 IM (jj£JI (jli 1 jj 1 JnV ~tj ( j4ll JaIjjJI — "\ 

5 L«uLt ^ 4 )i t^U 4 >*j 

<ajj ( _yJlL- . Lfjjljdh 4-ajJj * jL*ll ^cL*_iiiV I JnI — - .^Vl Jfc ^tXc SjU. — V 

^ llLlit (jijkll I JLA Lkjlc. jjjSLj iiljjjE iiill 

$ II4I4 JJi- H q JjU cut- (jl j 2 mj J^i 4 j£joh fj 4 ^^iniu (jjill {j(£ Ijj — A 

ifj »lj A fJ I 4_aJjV I Jjaj J+i ^ La^W I ^ |j- (jj&JI £1 lil — ^ 

^ ^1,^1 1 

: (jj£j L»jic. CgliUfill o£ll ufr* jjill Cx^i I £j-il — N ♦ 

Po = 3 Hi / 8 it G & p 0 < 3 Hj/8 k G 
Jfi 111 ^jll <jj£JI I^itk j» fjAiJI Jjiu IjAwt liiAji Ijj — \ \ 

, jjjiJI ^yk iLjjjH jJjL <>Llit I l^jj^jl *jii JJU jLuCuVl (jt jji’lVKl I 44 I «±i)j 



CjL-LxL* 





c = 3 x 10 8 m / s 


Velocity of light 

|i 0 = 4 n x 10* 7 

£l>ll 

Permiability of space 

« 1.256 x 10* 6 Hm' 1 



e 0 = 8.85 x 10 12 Fm 1 

^ Ijill 

Permittivity of space 

G = 6.67 xlO 11 N m 2 / kg 2 

CuIj 

m m % * 

Gravitational constant 

k = 1.38 x 10* 23 J/K 


Boltzmann constant 

-e = -1.602 x 10' 19 C 

in 

Electron charge 

m e = 9.11 x 10' 31 Kg 


Electron mass 

m p = 1.673 x 10* 27 Kg 


Proton mass 

m n = 1.675 x 10* 27 Kg 


neutron mass 

R„ = 1.1 x 10 7 /m 


Rydberg constant 

h = 6.626 x 10* 34 J s 

culi 

Plank constant 

N = 6.02 x 10 23 mol* 1 


Avogadro's Number 

R = 8.314 JK’mol* 1 

jUJI ojC 

Gas constant 

1.4 KW/m 2 


Solar constant 

a.m.u. = 1.66 x 10* 27 kg 

<Lj jl 1 <b£) 1 S 

\tomic mass unit 
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J-—JI 



T 

10 12 

G 

10 9 

M 

10 6 

K 

10 3 

h 

10 2 

da 

10 

d 

10* 1 

c 

10' 2 

m 

10‘ 3 

P 

10' 6 

n 

10' 9 

P 

10 12 

a 

10 18 


A. o 




ocLaiji^i 

^bUll 

tern 

L* 3 

giga 

• «k • 

mega 

» «• 

Kilo 

& 

hecto 


deka 


deci 


centi 

«* * 

milli 


micro 

JL&“ 

nano 


pico 


atto 
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Uijji s 


>j i» irt 0 uj& — \ 


tan 0 = sin 0 = 0 

1 - cos0 = 0 2 /2- 0 4 / 24 + - X 

e x = 1 + x + x 2 / 2 ! + x 3 / 3 ! + - r 

log ( 1 + x ) = x - x 2 / 2 + x 3 / 3 - - t 

log c y = log c 10 log I0 y = 2.303 log l0 y - o 


( 1 + x) n = 1 + nx + 

( 1 +x) 2 = 1 +2x 
VTTx = 1 + 1 / 2 x 


n ( n - 1 ) 
2 ! 


2 n(n-l)(n-2) 

X fc + — — X" + .... 


3 ! 


ijJuA X Cul£ I jj 


- 3 

- V 


1 

1 + X 


1 -X 


A. A 



SI fUttl V-L-Vl 4l.la.jli 



— » J 


t - u tj i j li ^IjiJI <>Uij ^all J ^IttJI ja (ni) J III 

<uGII«> (1 /2997 92458) 

<lqj i Th a I <Lj life <xlfti <Ij£ ja (Kg) ^>l^a> jli^ll 

.133 N ^li J j^^Lut(9192631770) < >5 Lr Jk (s) <— -ulSII 

I jj ^ all culill jL-jJUI^a (A) j-^Vl 
I 1 • .\ X i (jJc. *1 1*1 * lni « <^L-U^J < JjJall 

»i>i (jOoaa gj^^ill iji 1 >| i A« > i^» a. .... - > Ij 

. jl« J£I 2 X 10 7 Uju2 

, Ul <jtoOII <iuill U1UI SjljaJI <*^<>(1/273), >11 JJI (K) o i&ll 

IjIju < cJaa.^11 ^ aac (jJc ^ Lki ,ji Salll < L > <.*£ ,»-* (mole) J> X 1 

. 12 J ^^ll < >U J? .jljS0.012^c.ljall aac 
L^i jJLj jJUuol £5 Uk* »Laul ji .Al l *J -<11 1 j-i (cd) jailS 

laa < jj ^liO.oj Saul <lj * 540 x 10 7 >jjj— j « (jj ..11 1 
(jLjbjliu Jsll Jalj ( 1 / 683 ) (£jUuj*1^jVI 




AiluUli 


j—oll 

d . M 1 

Sj ■ \)JI 


J .XII 

Hz 

1 

S 

Hertz 

JO-A 

ajj— -III 

N 

kg /s 2 

Newton 


b ill 

Pa 

N/m 2 

Pascal 

Jli-uuL 

Ja LwJI 

J 

N m 

Joule 


< 2LLJI 

W 

J/S 

Watt 

J-b 

5jJ ill 

C 

A s 

Coulomb 



V 

J/C 

Volt 

Ll>j 


F 

e/V 

Farad 

jljli 

Cuj^JI^amJI 

Q 

V/A 

Ohm 



S 

A/V 

Simens 

* • 

JJJkliM 

^Lajll 

Wb 

V s 

Weber 

Ji3 


T 

V s/M 2 

Tesla 


i (jt^JLi 

H 

Vs/A 

Henry 

tfji* 

a Jl 

°C 

K 

Degree clesius ^ jj 

Sjlj-^JI <a.jj 

lm 

cd sr 

Lumen 

tl**l 


Bq 

1/s 

Beacurel 


^buiVI LLiull 










1 radian = 57.30° 

1 degree = 1.745 x 10' 1 2 radian = 60' = 3600" 
1 


l 


1 revolution = 2 n radian = 360° . 

1 meter = 10 10 * A° = 100 cm * 3.281 ft = 39.37in 

AU (astronomical unit) = 1.496 x 10 8 * Km 

1 fermi (F) = 10* 15 m = 10’ 13 * cm = 1 * * 0 5 A° 

1 inch = 2.54 cm 

1 light year = 9.461 x 10 12 Km = 0.3066 pc 

1 parsec (pc) = 3.086 x 10 16 m = 3.262 light year 
1 mile = i760 yard . 

1 yard = 3 ft = 91.44 cm = 36 in 

1 second = -^r- min = } h = 1.157 x 10‘ 5 day 

60 3600 

1 year(yr) = 3.156 x I0 7 S = 365.24 days = 8.766 x 10 3 h 

1 siderial day = 0.9973 day . 

1 kilogram = 1000 g = 10 3 ton = 2.205 Ib-mass 

1 a omic mass unit ( u ) = 1.6605 x 10 27 Kg 

1 carat = 0.2 g = 2 x 10' 4 kg. 

1 gram = 6.48 x 10 5 kg 

1 gram ( g =5 carat = 15.43 grains 

1 ton = 10 3 kg. 

1 ounce - mass ( Oz - mass ) = 28.35 g = Ib-mass 

16 

1 pound - mass = 0.4536 kg = 16 Oz - mass . 

1 square meter = 10 4 cm 2 = 1.55xl0 3 in 2 

1 barn = 10' 24 cm 2 = 10' 28 m 2 




a— 


5 till 





1 square inch = 6.452 cm 2 = — ft 2 

144 

1 cubic meter = 10 6 cm 3 = 35.31ft 3 = 264.2 gal. 

1 gallon ( gal ) = 3.785 x 10' 3 m 3 . 

I liter = 10' 3 m 3 = 1000 am 3 . 

1 kg/m 3 = 10 :1 g/cm 3 = 3.613 x 10‘ 5 IB - mass /in 3 

1 lb mass /ft 3 = 16.02 kg /m 3 

1 slug /ft 3 = 515.4 Kg /m 3 = 32.17 Ib-mass/ ft 3 
1 m/s = 100 cm /s = 3.281 ft /s = 1.944 knot 

1 ft/s = 0.3048 m/s = 0.5925 knot. 

1 Km/h = 0.2778 m/s = 0.54 knot = 0.6214 mi/h. 
1 knot , or nautical mile / h = 0.5144 m/s = 1.852 km/ 

1 m/s 2 = 3.281 ft / s 2 = 0.102 gee 
1 cm/s 2 = 0.01 m/s 2 = 1.02 x 10' 3 gee 
lft/s 2 = 30.48 cm /s 2 = 3.108 gee 
1 gee = 9.807 m/s 2 = 980.7 cm /s 2 = 32.17 ft/ s 2 
1 nt = 10 5 dynes = 0.102 kp = 0.2248 lb 

1 dyne = 1.02 x 10' 6 Kp = 2.248 x 10' 6 lb 
1 kilopond or kilogram force = 9.807 N = 2.205 lb 
1 joule = 9.478 x 10 4 Btu = 10 7 erg = 0.2388 cal 
= 6.242 x 10 18 eV = 2.778 x 10* 7 KW h 

1 British thermal unit (Btu) = 1.055 x 10 3 J = 252 Cal 

= 2.931 xlO 4 KWh 

leal = 4.187 J = 3.968 Btu = 1.163 x 10’ 6 KW h 
leV = 1.602 x 10 19 J = 1.602 x 10' 12 erg. 

1 Kilowatt - hour ( KWh ) = 3.6 x I0 6 J = 8.598 x !0 5 cal 
1 watt = 3.412 Btu /h = 10 7 ergs/s = 0.2388 cal /s 
1 cal/s = 4.187 W = 3.088 ft/Lb/s 

1 horse power ( hp ) = 745.7 W = 2.544 x 10 3 Btu/h 
= 178.1 cal/s. 


ANY 



1 kilowatt (KW) = 1000 W = 238.8 cal = 1.341 hp 

1 N/m 2 or pascal Pa = 9.869 x 10' 6 atm = 10‘ 5 bar 

k... A Jill 

= 7.501 x 10' 4 cmHg = 10 dynes /cm 2 . 

= 7.501 x 10 3 torr . 

1 atmosphere = 1.013 x 10 s N / m 2 = 76cmHg = 14.7 lb / in 2 

1 = bar = 10 5 N/m 2 = 0.9869 atm = 75.01 cm Hg 

1 cm Hg = 1.333 x 10 3 N/m 2 = 10 torr = 27.85 Tb / ft 2 

1 pound per square inch (psi) = 6.895 x 10 3 N/in 2 = 6.805 x 10' 2 atm 

1 colomb (C) = 2.998 x 10 9 slat coulomb or e.s.u.of charge 

.»n 

1 Volt (V) = 3.336 x 10' 3 stat volt or e.s.u. potential 


1 tes la (T) = Wb / m 2 = 10 4 gauss . 


1 farad (F) = 8.988 x 10 11 stat farad or esu of capacitance 


1 henry (H) = 1.113 x 10' 12 stat henry or e.s.u. of inductance . 
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: JjVt Jinrttt 
p = 4 T/r - N 

d = kgt 2 - V 
M ' 1 L 3 T ' 2 -N. 

r *i,/ r 1.96« ^/ r 2.8-v ^ 1.81 , &/{+* 885- x 81035- N 


64.4 - v 

0.015 - e 

2 : 3 - i 

30 

, 10 x 1.36 - t 

Lu 1.04 - r 

5400 - x 

l >/^950 
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^ 3180 - v 
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^175360. r^/^ij 12- a 
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F = K T| v R - X V = - A 
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■8 10 
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r 

v 
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RT 1 n 1—2 
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V, -b / V 2 V, 

V = - aP + 3bT 3 + C 
PV = - y aP 2 + n R T + C 


7 = a/T 


• ^uLJl Jirtoll 
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CiL'fclln.fartl I <aj12 


- A - 


aberadon 

* • 
c — ±> 

absorb 


abundance 


absolute 


absolute temperature 

<Ailall J 

absorption 

l < » 1 

acceleration 

< l-vr 

accomedation 

v . >_tCi 

absorptive power 

t _ya 1 1 <i V I SjJli 

achromatic lens 


adiabatic change 


acceptor 

Jiiluii 

alternating current 

jLu 

apparent 


amorphous 

c 

amplitude 

«£>aJI <>.i <i 

angle of contact 


apparent weight 

(£>*U“UUJ 

atomic structure 


atomizer 

SjX* 

atomic heat 

CjjjSjlja. 

atomic number 

jjuJI 


AYo 



amplifier 



anti matter 


ijUl Jj.Lua 

astigmatism 



Avogadro's number 



axial rays 



aurora 

- B - 


band 



baryon 



band spectrum 



base 


SjcIS 

B - decay 


^LJSU^I 

belt 



bending 



bending moment 


f jc. 

binding forces 



body centred cubic 



black holes 



black body 



biasing potential 


jLafcjVI Ufa* 

bi prism 



biconcave lens 


^ubUiuijc. 

bunzen’s ice calorimeter 


(^1 tkj-^1 1 JiLuU 

big bang theory 


ji^ll jUiiVI <L»_^Uj 

brownian motion 





brush 


bright 

u— 

Biot-Savart law 

1*1 till 

Bitter patterns 

jUi 

binding energy 

.UjSlI <20. 

bound electron 


bound energy 

i-uL. 

m 

- C - 

capacitative reactance 

<i * a 

capillary tube 


capacity 

Ktuui 

carot cycle 


central force 


chain reaction 

JuiLu Je.lja 

centrifugal force 


charge carriers 


circular rdotion 

<Lj4l.i3£>k 

characteristic lines 

* jgbk* J^jJaOk 

calorimeter 

jl U— 

change of state 

<IUJI 

colloidal solution 


characteristic curve 


coefficient of restitution 


constructive interference 

3jj2S JaJjI 

conical pendulum 



AW 



conjugate points 


conservation of energy 

« 

Compoton effect 


centre of floatation 


cell 


covalent crystal 

4 t > A l.< n*i i i jL 

comia 

1 

compressibility 

l>liirt')l 

coordinate system 

olula^l 

cooling curve 


cooling mixure 


convection current 

J>dl jlu 

covalent bond 

iuiLui<Lilj 

conduction 


condensation 

, i AC: 

crystalline material 

OjjLSjL* 

cosmological principle 


crystal lattice 


crystal structure 


collector 


critical point 


cross - product 


chromatic aberration 


charm 


collimator 



ATA 



condenser 



complementary colours 


<* llL* 1^1 1 

cosmic radiations 


<«-uu 1 

constructive 


p lia 

concentric 



coherent 



compass 



conservation law 


oUL tjjjLi 

classification 



closed surface 



common 


djuiin 

collision 



coersive field 



coil 



colloidal 


ujA 

contour integral 



colour forces 



cyclotron 



cynchrotron 


OJLHJU^- 

critical mass 



current 



curvature 

- D - 

p liaJl 

damping 


iln't’l 

damped motion 





dating 

tiS* 

derived units 


Daniell hygrometer 


device 

2L..1 

degree of disorder 


destruction 


dislocation 

* 

dees 

(jrdlj 

displaced liquid 


declination 


diffusion 

jlAVil 

dip angle 


dimensions 


detector plate 


dimensional analysis 

jLuVLJLLbitl 

depleted zone 

m 

distortion 


diffraction 


dielectric constant 

j>ii cutj 

dipole 


dielectric 

JjU 

diamagnetic 


displacement current 

^IjVI jLl 

discharge tubes 

£Jjjj 

diamond structure 



AT. 



donor 


double refraction 


dual nature 


- E - 


electric pulse 


electron spin 


eddy currents 


electric network 


electric spark 


electro motive force 


electrostatic 


elliptic polarization 

1 ■ .1LCK...I 

elongation 

<J l.ln>l i «i 1 

electro magnetic spectrum 


electron shell 


electron cloud 


elastic collision 


ellipse 

(jAlU j-Li 

elliptic polarization 


efficiency 


effective potential 

jUi of* 

emitter 

* 

emulsion 


emission 


emissive power 



at\ 



energy density 


<j»LLJI 

enthalpy 



energy dissipation 


ciUJI jii 

esacpe velocity 



energy levels 



equivalent power 


dilfU S^i 

equation of state 


cJLJIcbU- 

excited 


'jl 1 it lift 

exchange forces 


JjLUI 

extra ordinary 


j ml 

eye - piece 
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fjic. uJil ^Ij-aVI uul&ul i»j^aIKi t jL^ 5 <f j i^jJLI o^iootl icjI^u-^j^aJI « ^3 L. nil 

#L^il « 3 jJ J iJll ^)LuJI ^ifi ^)Lutll ^l^lVl ji inttil < <jj *> 1 1> 1 1 ^*3 Li nt I 
^L im (jIa <L yS ^1 i nk’ ll nf ys ^ L.i« ific ^jut^iui lijiuivi sjaLAj 
C tlmjf * < 3 £aawJI <tiMjntt iiSiLihUlL J^jl . 32 aJjM IwiJuJI i^j^ 

I^LUU ititu A 1 «4*J* JiAil ^tlyuitJ 31iliLU ^j2ll luHSilt^l ^jllLiill ioULu l^iiAli 

i^uu ChJmIjI CiLiJa <^3*aJi Q Um LnVl ^jluill 

T*W : jLa^yi CiLaJfcJI ^ 

<f> 4 A* iLuJaJI Jjij SjJlS 1C1I i i i J aI I iji (j^itt £jjJI iLaaImVI «(£j£ll £AjM 

.jLaaVI i^jjcj^iJI r<uobUI ciluhbtll 

TAo : jt^yt CiVT <**? Jinrttt 

La^ ll.uu iiCi i tjLII .t-j&jil <»m^iii ijull 1L1 mJI ijLutfl <jjlj 



<i£jJI jUatL* I j-i'V _> A 4 J*IJ f i j.Jj 11— a. H <*JJ_*_*JU 

■ (Jlll]<llll 4]] “ ■ "I 1 

i • V : 

jl <tjlj^il 4 » miV) <i_JjJaJI Jj hi >11 <jjjJa <i_iiJaJI ^ljj| t^^yUI ■■■* ■* “I I 

■ {*) tilL (jruJI ^uLuia|j jkL-tOkV I (jl^ I 1 ulnl I t Jj ji <JuiV I (* Ijaa] I -"■**"'* <UJuV I 

£NV : i^iliaSlutVi t Jiijul! J ^at l 

jjJk j Jjji jji t il a i *j^aH Jiljfi £jGij^ J^ljj 

< 4 jfak . *jxa 1 I cH 3 ^ CtlllA ."<iiijt MjiufVU oj^aII JaJjj L j^Jall 

* 

. <_ilf>S1i ut I « rtl I ^(jjl »j 10 H uUaAXuul ■ »il I )jj •*-11 m * » ‘ *~* ■ ■■ *■ <i Lski ijlc. 

(ju I j t 1 n <ii>A . I j Lu^iV L i_i I kfcxwV I . {JU lia_iV Li »j ■ 1 u I " • “ I 

1 <_i I Inlihii'J I 

fjajl 

^LuuJal 

io\ ( AgjfSJI 4>V&I :>Ac^^L(jJ< Ju^ol 

* _‘‘j I f jj cUxa^jII (jjjLij Cil iii Mill tj<J Sj-ill .* jLJJ <^*£1 Ojiaill 

<jjJob . fill (_)AJ-*JI .<ujj |ill (_^_J-*JI Jqjln ~v ■ I JLsJU .4‘r> ititl cLiL ,') »jLi 

u“U*J (* U~ > » 1 1 Lr J_>fill JUJU .(_hjU. (jJ*- c. U>>U“ t .^jU 

1 VV : AamJI - AiUaJi - jjLuJI 

Jif^JI Vrfc ni I J4-aJI ■ a! I j Aj ( _ > 5uj ll-A) I 

UL^II ULLJI t^JaSJ I ^^1 JLJUj j+aJ) ..x+aJI ^jLu*j ^jia-k-u . (_>aj!SL 1 
> lX« <ii 1 1 u — O 1 n l I *C J l,^ * l ji <JiLLJI •Li Iii .<_uj^i 

J_t . Ajj . J^ aII ojI^j Jjlj*ll jj > iva i .j & _^ll ^ .1 « oy _>^ (>* (jj^* 

. mki >■ Lti 4 (a ff ^Jij|iil <iUaJI . C>Lttii,l 



0 • 0 


I * JjaJI < j £-» ^Ujlill >-Ju ,^,«l ^i» jLi« ^ >4^il iJLu^yill 4j^_i*iK_i • 

, J^a. JjuUI . o L^jlL* <c^aaJ. vLil£tl c^jlill <LLftJI 

oTN » us^uijjS ujISLluJI : J&& 

■•••^ t.^11 l^jli * ■ . ..* .* tl <J ^ 1 1» tl I ,<XI^^1I Oilill £^aJ I 

. Jf^JI .oUjliil ^Lij Jjj I.i ijjJl 

oY > ^ * ^ j **** *uj|| 

)LiLu*( n-u ^v lij j »~> 4<>l I ^n i jln LuUl JL^jLl ^mj fc r> Lt*Xl JLaJJ , 4 > jmjt* L ‘ Jdl 

> ,il> * < it t JlaJll . jLu Lfjt jaj i t ^u» JLaJ.1 

o^ t ^jua$A ^ic <Li jjjlja : 

oli-n in jjlc *j!^ll ^t -ill > .il* ill! JLaJI . j i i o I (j^iLi 

.jijVl JLau •> i til I oUj>«i>l I 4iuijV I ^ - <^l * «V . ^‘nj ii 

uiLiJLw . Jj-* jj! |^ll CtjJLaJJ oU-k ittll <L£j^j jli jj l ijji 

.AjAI H l>0^ • ^> || | j^> l ,j* jLj <j >*j JIlu { jic. (£>iil .<££11 

•J 1 ** 4-? *JD t lA 

oAo , ^m i j^ LuLaj^SJt ^4 loll ^Jtnrttl 

<iUJI JjLill £j^1Ij ^IJI £*aJI <^il L 'i wLi . ^Ijljli <jjjjIjJI cJjLl)l 

. I . 2U mjlnLum 

V\ ilUuulhUiitl ^jlS : gj^ij (U\^| 

*i jUL B -H ‘‘-* , jlj <11 4 j m jlr>Li jUt . jljJU * ■*'*» 

4 jnijt->LLjt4tjL4t t 3 . «l~ ~M ^ uni* 

. I CjLuuulaLuUtj 4 j rn jtn L ' JUt •jaljll t... iUI*I*l-j.itt t "i .... <U< 



Ouwjlj i ^ t. -fc ll SjjIj .<xuJ(j <_>~ fcfl SjjIj . jjjlil jLtlJI jjljj , jjjlll jLloJI j ■ ■» - 

Cjyb* - A j <jwljV I jLu RLC SjjIj <2Ua)I jai * • «*^ » <^1211^ 

, J^J-uuSkU 

ftfb 3 ' 

Mo : X-uflUJi ~<h*u!\ X^lsuJ! -OJL^lj o^UJIJ^aiilt 

• O^L}>aj . Q un t i l Q>laJl jj-ojji • Lf ljiHJUJ < * t Ki M Qjau 

, «ilLJ I j ,<u,juJ| <J2kil jo£i . J^iftll ^1^‘ljjAjtl jxu 

™ d55M ^1\ <uicu .OJLH^b O-JUJ) Ju-aiJl 

<]jL*_ •fjij ‘ ** j | ^ 11 >l»( * m V I ij-AUi , ^j_uVl j*- ■•■ £ l . * i mJ 

. ol * u o a J Ij Ij^SU ,j4jL>J (f>i ij^Ua . ^x i .mi_ W 

■JialfhVI I oLa^il , JuJaJjl | ±J*» 

^LuJI <Jundtl 

.<_!*_> In 1 1 J^laAJIj 1 1 v . i-tln .Sljlll Cil j 5jj .Ajlail (£j311 I 

UJLH^IVI ij j jl > J4 j I * J 3 V . i^ln ijj ^jk <2Uall CiL^yi ■ «.« . 

■ J ** • I i tjUH CuuJI 0.1 mV I ciL!*4 ,<iauJ| <.> I mV I ■ I Ok] . 

. jjjJll Outil ,4iluJI Q lii^U ^jJoaJI 

v*V : *XSlkI|j diUjljult : 

OuiiVI J>c i »."^H ^jj ia .H a. iiiVl ^X^j^jjdll ^ic AjJ-fttl . (jALa-iiV I JaLi£ull 
. ( jcL* imV 1 |JV ^ ^ 1 uAaaJI jaC > jcUmVI •> « i aV I Ju|)Lu i- i&jfi . QjjJll 

jlL-JuiiVI .JLjljJil (^>>>11 . Qjtt ill ^jJUl .^cILmaJI ( jc L «l*mVI i»l. i i »>ll 



, | i? « ni V I y>i I , s j jJ I j cJ 1 1 ti ^ I , <_4j V I o i » > ■ ■■ -A l jj | u. 

.(JjljlSJI .«UJI ^ulji .oU^Jll 4 oU»»>LJI 
V£V : "A^iuaJI AJ\aH 


O^Luojl I 6 LuL I . k_|3i!il l_y oU ^ I < Uni I jj tjnrfijll I . .X* I jaJI <J4 a >1^1 y I <jjiaj| I 

■ It nijjljJjH .^CL^yJI I ji oVl 4l 1 .1 ai I . jj j .<-L^k_}JI ^Jjlj .4 — ajSjLaJI 


j<u Lu»jjl ^lll . .t I -Tfc II j jLuIl jjiLui jj I jJll I . >♦» m I *>j I ylil Sjj^all oLuaoII 

> i <1 1 itAftyJ I • ■ i.iLitX 


V*\o 


; 'Aiilill 'A^UjaII : 


JLaJ.1 — 2"*_>l I 5_>ALIn 4 iM ill — 4_SiLill *_lLoj_LI ■ *1 .*. ~ K 1 

^Lill £\jjJI — jjj— a— • j— ajIj «— LiLiJI o^l ipjJJ i^a JjVl I — £j_aJ I ^ 
yi I lluKj> — ixa I jJ I I - ^>*1 1 < ■ -^* — <i!»LiJ I c«^Lu^a1I 

<jLjljJ| I — C^° >— > jy» x — jjuj-lL ijjJai — <1 UajI o^l n\yJil 

.'UtiijI I oU.jJ I Me. 


VAV : Ojill *U3i® : OjW^b 

^ kU^ ’if ^ll _ ) * . t i L k., 1 . ~w~ i .(jjuLII JX*j . cJj-^J. I • J J All jl ^ ttWI 

(jAjVl 1 t i k i * 4^1 *< « ll ^Ij&Yl <j(UJU ■fAlll 5jljj» .^IjL^iWI i^Lki 

*? jju I jl^j . *.*Kj 
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